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Preface

Allergic contact dermatitis (ACD) is an adverse health effect that frequently develops in workers
and consumers exposed to skin sensitizing chemicals and products. ACD results in lost
workdays' and can significantly diminish quality of life (Hutchings et al. 2001; Skoet et al.
2003). To minimize the occurrence of ACD, regulatory authorities require testing to identify
substances that may cause skin sensitization. Sensitizing substances must be labeled with a
description of the potential hazard and the precautions necessary to avoid development of ACD.

Skin sensitization testing has typically required the use of guinea pigs (Buehler 1965; Magnusson
and Kligman 1970). However, in 1998, the Interagency Coordinating Committee on the
Validation of Alternative Methods (ICCVAM) evaluated and recommended an alternative test
method known as the murine (mouse) local lymph node assay (“traditional LLNA”).? The
traditional LLNA provides several advantages compared to guinea pig test methods, including
elimination of potential pain and distress, use of fewer animals, less time to perform, and
availability of dose-response information. Based on the validation database and performance,
ICCVAM recommended the LLNA as an alternative test method for assessing the skin
sensitization potential of most types of substances (ICCVAM 1999). United States and
international regulatory agencies subsequently accepted the traditional LLNA as a valid
alternative test method for ACD testing.

In 2007, the U.S. Consumer Product Safety Commission (CPSC) requested that ICCVAM
evaluate several modifications of the traditional LLNA, including a nonradioactive version of the
LLNA that measures bromodeoxyuridine (BrdU) incorporation into proliferating lymphocytes by
an enzyme-linked immunosorbent assay (ELISA) (referred to hereafter as the “LLNA:
BrdU-ELISA”), instead of using a radioactive marker to measure lymphocyte proliferation. The
BrdU-ELISA was developed by Dr. Masahiro Takayoshi at the Chemicals Evaluation and
Research Institute in Saitama, Japan and validation studies were completed in coordination with
the Japanese Center for the Validation of Alternative Methods (JaCVAM) at the National
Institute of Health Sciences. ICCVAM assigned this activity a high priority after considering
comments from the public and ICCVAM’s Scientific Advisory Committee on Alternative
Toxicological Methods (SACATM). As part of their ongoing collaboration with ICCVAM,
scientists from the European Centre for the Validation of Alternative Methods (ECVAM) and
JaCVAM served as liaisons to the ICCVAM Immunotoxicity Working Group (IWG). A detailed
timeline of the LLNA: BrdU-ELISA evaluation is included with this report.

This Test Method Evaluation Report provides ICCVAM’s recommendations regarding the
LLNA: BrdU-ELISA for assessing the ACD potential of chemicals and products. Since the
LLNA: BrdU-ELISA does not require a radioactive marker, it can be used by laboratories that
currently cannot use the traditional LLNA because they do not have a license for using
radioisotopes and in countries that discourage or severely limit the use of radioactive materials.
The report also summarizes the validation status of the LLNA: BrdU-ELISA and provides the
ICCVAM-recommended LLNA: BrdU-ELISA test method protocol.

Following independent scientific peer reviews in 2008 and 2009, ICCVAM submitted a proposed
draft Organisation for Economic Co-operation and Development (OECD) Test Guideline (TG)
for the LLNA: BrdU-ELISA that was circulated in July 2009 to the 30 OECD member countries

' http://www.blf.gov/IIF

2 The “traditional LLNA” refers to the validated ICCVAM-recommended LLNA test method protocol,
which measures lymphocyte proliferation based on incorporation of *H-methyl thymidine or '*°I1)
iododeoxyuridine into the cells of the draining auricular lymph nodes (ICCVAM 1999; Dean et al. 2001).
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for review and comment. The U.S. CPSC and NICEATM-ICCVAM hosted an OECD Expert
Consultation meeting on October 20-22, 2009, to evaluate the comments. A revised TG was
distributed to the 30 OECD member countries in December 2009 for comment and then the final
draft was forwarded to the OECD Working Group of National Co-ordinators of the Test
Guidelines Programme, which was approved as TG 442B at their March 23-25, 2010 meeting.

ICCVAM solicited and considered public comments and stakeholder involvement throughout the
LLNA: BrdU-ELISA evaluation process. ICCVAM considered the SACATM comments, the
conclusions of the Panel and the OECD Expert Consultation, and all public comments before
finalizing the ICCVAM test method recommendations for the LLNA: BrdU-ELISA. The
recommendations and the background review document (BRD), which is provided as an appendix
to this report, are incorporated in this ICCVAM Test Method Evaluation Report. As required by
the ICCVAM Authorization Act, ICCVAM will forward its recommendations to U.S. Federal
agencies for consideration. Federal agencies must respond to ICCVAM within 180 days after
receiving the ICCVAM test method recommendations. ICCVAM recommendations are available
to the public on the NICEATM-ICCVAM website,” and agency responses will also be made
available on the website as they are received.

We gratefully acknowledge the many individuals who contributed to the preparation, review, and
revision of this report. We especially recognize the Panel members for their thoughtful
evaluations and generous contributions of time and effort. Special thanks are extended to

Dr. Michael Luster for serving as the Panel Chair and to Dr. Michael Woolhiser, Dr. Michael
Olson, Dr. Stephen Ullrich, and Kim Headrick for their service as Evaluation Group Chairs. We
thank the IWG for assuring a meaningful and comprehensive review. We especially thank Dr.
Joanna Matheson (Consumer Product Safety Commission) and Dr. Abigail Jacobs (U.S. Food and
Drug Administration Center for Drug Evaluation and Research) for serving as Co-Chairs of the
IWG. We also acknowledge Integrated Laboratory Systems, Inc., the NICEATM support
contractor, for providing excellent scientific and operational support, including Dr. David Allen,
Thomas Burns, Michael Paris, Dr. Eleni Salicru, Frank Stack, and Dr. Judy Strickland. Finally,
we thank Dr. Silvia Casati and Dr. Hajime Kojima, the IWG liaisons from ECVAM and
JaCVAM, respectively, for their participation and contributions.

This comprehensive ICCVAM evaluation of the LLNA: BrdU-ELISA should facilitate regulatory
agency decisions on the acceptability of the method. Use of the method by industry can be
expected to significantly reduce and refine animal use for ACD testing while continuing to
support the protection of human health.

Marilyn Wind, Ph.D.

Deputy Associate Executive Director
Directorate for Health Sciences

U.S. Consumer Product Safety Commission
Chair, ICCVAM

William S. Stokes, D.V.M., DACLAM

Rear Admiral/Assistant Surgeon General, U.S. Public Health Service
Director, NICEATM

Executive Director, ICCVAM

? Available at http://iccvam.niehs.nih.gov/methods/immunotox/llna-ELISA/TMER.htm
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Executive Summary

The Interagency Coordinating Committee on the Validation of Alternative Methods (ICCVAM)
recently evaluated the validation status of a nonradioactive version of the murine local lymph
node assay (LLNA) called the LLNA: BrdU-ELISA. The LLNA is used to identify chemicals and
products that may cause allergic contact dermatitis (ACD), an allergic skin reaction characterized
by redness, swelling, and itching. The LLNA: BrdU-ELISA uses bromodeoxyuridine (BrdU)
uptake to measure proliferating lymphocytes. The BrdU in this version is quantified with an
enzyme-linked immunosorbent assay (ELISA) kit, while the traditional LLNA uses *H-methyl
thymidine or '*I-iododeoxyuridine uptake to measure lymphocyte proliferation.® This Test
Method Evaluation Report provides ICCVAM’s recommendations regarding the usefulness and
limitations of the LLNA: BrdU-ELISA as an alternative to the traditional LLNA. The report
includes the ICCVAM-recommended LLNA: BrdU-ELISA test method protocol, the final
LLNA: BrdU-ELISA background review document (BRD) describing the validation status of the
test method, and recommendations for future studies and performance standards.

Following nomination of the LLNA: BrdU-ELISA by the U.S. Consumer Product Safety
Commission (CPSC), the National Toxicology Program Interagency Center for the Evaluation of
Alternative Toxicological Methods (NICEATM), ICCVAM, and the ICCVAM Immunotoxicity
Working Group prepared an initial draft BRD and draft test method recommendations. The drafts
were provided to an independent international scientific peer review panel (Panel) and to the
public for comment. The Panel met twice in public session to review the initial and revised draft
BRD and draft ICCVAM recommendations. The initial draft BRD evaluated data for 24
substances. The Panel initially met in public session on March 4-6, 2008, to discuss its peer
review of the ICCVAM draft BRD and to provide conclusions and recommendations regarding
the validation status of the LLNA: BrdU-ELISA test method. The Panel also reviewed how well
the information in the draft BRD supported ICCVAM’s draft test method recommendations. The
Panel concluded that definitive test method recommendations could not be made until a detailed
protocol and individual animal data were obtained and an evaluation of interlaboratory
reproducibility was conducted.

NICEATM revised the draft BRD with additional information and data. The revised draft BRD
evaluated data for 31 substances. The Panel reconvened in public session on April 28-29, 2009, to
review the ICCVAM revised draft BRD and to finalize its conclusions and recommendations on
the current validation status of the LLNA: BrdU-ELISA test method.

Based on the revised draft ICCVAM recommendations and Panel reports, NICEATM submitted a
proposed draft Organisation for Economic Co-operation and Development (OECD) Test
Guideline (TG) for the LLNA: BrdU-ELISA. The draft TG was circulated in July 2009 to the 30
OECD member countries for review and comment. The U.S. CPSC and NICEATM-ICCVAM
hosted an OECD Expert Consultation meeting on October 20-22, 2009, to evaluate the comments.
The expert group reviewed the draft OECD TG for the LLNA: BrdU-ELISA, proposed responses
to comments from member countries, and evaluated LLNA: BrdU-ELISA results for 12
additional substances tested and submitted to NICEATM after the April 2009 Panel evaluation. A
revised TG was distributed to the 30 OECD member countries in December 2009 for comment
and then the final draft was forwarded to the OECD Working Group of National Co-ordinators of

* The traditional LLNA refers to the validated ICCV AM-recommended LLNA protocol, which measures
lymphocyte proliferation based on incorporation of *H methyl thymidine or '*I-iododeoxyuridine into
the cells of the draining auricular lymph nodes (ICCVAM 1999; Dean et al. 2001).
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the Test Guidelines Programme, which approved the LLNA: BrdU ELISA as TG442B at their
March 23-25, 2010 meeting.

In finalizing this Test Method Evaluation Report and the BRD, which is included as an appendix,
ICCVAM considered (1) the conclusions and recommendations of the Panel and the OECD
Expert Consultation, (2) comments from ICCVAM’s Scientific Advisory Committee on
Alternative Toxicological Methods (SACATM), and (3) public comments.

ICCVAM Recommendations: Test Method Usefulness and Limitations

ICCVAM concludes that the accuracy and reliability of the LLNA: BrdU-ELISA support use of
the test method to identify substances as potential skin sensitizers or nonsensitizers. For the
validation database of 43 substances, the LLNA: BrdU-ELISA correctly identified all 32 LLNA
sensitizers (0% [0/32] false negatives), and nine of the 11 LLNA nonsensitizers (18% [2/11] false
positives). [ICCVAM recommends that a stimulation index (SI) > 1.6 be used as the decision
criterion to identify substances as potential sensitizers. ICCVAM bases this recommendation on
the fact that no false negatives, relative to the traditional LLNA, result with the current validation
database when SI > 1.6 is used.

A limitation of the LLNA: BrdU-ELISA is the potential for false positive results when borderline
positive responses between an SI of 1.6 and 1.9 are obtained (see Section 3.4). ICCVAM
considers the applicability domain for the LLNA: BrdU-ELISA to be the same as the traditional
LLNA unless there are properties associated with a class of materials that may interfere with the
accuracy of the LLNA: BrdU-ELISA. One exception would be nickel compounds. Unlike the
traditional LLNA, the LLNA: BrdU-ELISA can be used for testing nickel compounds based on
its ability to correctly identify them as potential sensitizers.

ICCVAM Recommendations: Test Method Protocol

ICCVAM recommends a LLNA: BrdU-ELISA test method protocol that is based on the protocol
developed by Takeyoshi et al. (2001) and refined during an interlaboratory validation study
(Kojima et al. 2008). The ICCVAM-recommended LLNA: BrdU-ELISA protocol incorporates all
aspects of the ICCVAM-recommended traditional LLNA test method protocol, except for those
procedures unique to the conduct of the LLNA: BrdU-ELISA. In testing situations where dose-
response information is not required, or negative results are anticipated, [CCVAM recommends
that the reduced LLNA: BrdU-ELISA should be considered and used where determined
appropriate. The reduced LLNA tests only the high dose, thus further reducing animal use by up to
40%.

ICCVAM Recommendations: Future Studies

ICCVAM recommends the following future studies to further characterize the usefulness and
limitations of the LLNA: BrdU-ELISA test method:

o Efforts should be made to identify additional human data and human experience for
test substances. These data may be used to further assess the usefulness and
limitations of this and other versions of the LLNA for identifying human sensitizing
substances. Such efforts might include post-marketing surveillance of consumers for
allergic reactions and occupational surveillance of potentially exposed workers.

e Additional substances that are nonsensitizing skin irritants should be tested to
determine the impact of such substances on the false positive rate of the LLNA:
BrdU-ELISA.

o Efforts should be made to further characterize the sensitization potential of borderline
positive substances (those that produce an SI between 1.6 and 1.9) in the LLNA:
BrdU-ELISA to determine if such results might be false positives. This could include
evaluations of peptide reactivity, determination of molecular weight, identification of

XX



ICCVAM LLNA: BrdU-ELISA Evaluation Report

results from related chemicals, human studies where ethically and scientifically
justified, review of occupational exposures and postmarketing experience or
monitoring, or in vitro testing data. All decision criteria should be reassessed as
additional discriminators and data become available.

ICCVAM Recommendations: Performance Standards

ICCVAM concludes that the ICCVAM-recommended performance standards (ICCVAM 2009a)
for the traditional LLNA can be used to evaluate any future modifications of the LLNA: BrdU-
ELISA. The ICCVAM-recommended performance standards for the traditional LLNA apply to
the LLNA: BrdU-ELISA because the test method is functionally and mechanistically similar to
the traditional LLNA.

Validation Status of the LLNA: BrdU-ELISA

The mechanistic basis of the LLNA: BrdU-ELISA is identical to that of the traditional LLNA.
The traditional LLNA measures the lymphocyte proliferation in the draining lymph nodes for the
skin area where the test article is applied. In the traditional LLNA, lymphocyte proliferation more
than three-fold or higher than the vehicle control is considered a positive response indicative of a
skin sensitizing substance. The only difference between the test method protocols for the
traditional LLNA and the LLNA: BrdU-ELISA is the procedure for measuring lymphocyte
proliferation. The traditional LLNA assesses lymphocyte proliferation by measuring the
incorporation of radioactivity into the DNA of dividing cells in the draining auricular lymph
nodes. The LLNA: BrdU-ELISA assesses cell proliferation by measuring the incorporation of a
nonradioactive thymidine analog, BrdU, into the DNA of dividing cells using an ELISA.

The accuracy of the LLNA: BrdU-ELISA was compared to that of the traditional LLNA using the
current validation database of 43 test substances. Optimal LLNA: BrdU-ELISA performance was
achieved using SI > 1.6 to classify sensitizers versus nonsensitizers. Compared to the traditional
LLNA, accuracy was 95% (41/43), with a false positive rate of 18% (2/11) and a false negative
rate of 0% (0/32). The two false positive substances produced SI values between 1.6 and 1.9 in
the LLNA: BrdU-ELISA. Therefore, other available information such as dose-response, evidence
of systemic toxicity or excessive local irritation, and where appropriate, statistical significance
together with SI values should be considered to confirm that such borderline positive results are
potential skin sensitizers. Consideration should also be given to various properties of the test
substance, including whether it is structurally similar to known skin sensitizers.

An evaluation to determine the robustness of the SI > 1.6 decision criterion indicated that the SI
was quite stable. Taking different samples of the data as training and validation sets had relatively
little impact on the cutoff SI criteria or on the resulting number of false positives or false
negatives.

ICCVAM concludes that the reproducibility of the LLNA: BrdU-ELISA supports the use of the
method to identify substances as potential skin sensitizers and nonsensitizers. The validation
database supported an assessment of both intra-and interlaboratory reproducibility. One study was
conducted to assess interlaboratory reproducibility.

In a qualitative analysis of intralaboratory reproducibility, two to six LLNA: BrdU-ELISA tests
yielded 100% concordance for sensitizer/nonsensitizer outcomes for 10/12 substances (10
sensitizers and two nonsensitizers). One of the nonsensitizers with 100% concordance, however,
produced false positive results in 2/2 tests. The two discordant substances were traditional LLNA
sensitizers that yielded one test with SI < 1.6 and another test with SI > 1.6. Quantitative analyses
of EC1.6 values (estimated concentration needed to produce an SI of 1.6) were performed for
four substances tested two to five times. The analyses produced coefficient of variation (CV)
values from 37% to 118%.
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The qualitative interlaboratory reproducibility analysis of 10 substances (seven sensitizers and
three nonsensitizers) tested in three to seven laboratories indicated 100% interlaboratory
agreement (3/3, 6/6, or 7/7) for nine substances (seven sensitizers and two nonsensitizers). One of
the nonsensitizers with 100% concordance, however, produced false positive results in 3/3
laboratories. There was 67% (4/6) agreement among the tests for the remaining nonsensitizer.
Interlaboratory CV values for the EC1.6 values of the seven sensitizers ranged from 31% to 93%.

Reproducibility of results for the 18 substances (13 LLNA sensitizers and 5 LLNA
nonsensitizers) that had two to 12 test results, regardless of whether the tests were performed in
one laboratory or multiple laboratories, was assessed with respect to SI category. When the SI >
1.6 decision criterion was used to classify sensitizers and nonsensitizers, the results for 78%
(14/18) of the substances were 100% concordant. The results for 85% (11/13) of the LLNA
sensitizers were 100% concordant (i.e., all yielded SI > 1.6) for two to 12 tests. The results for
60% (3/5) of the nonsensitizers were 100% concordant for two to three tests. All (3/3) tests for
two nonsensitizers had SI < 1.6. All (2/2) tests for the third nonsensitizer yielded SI values
between 1.6 and 1.9, the narrow region in which false positive results occurred.

The Panel agreed with ICCVAM that the reproducibility of the LLNA: BrdU-ELISA supported
the use of the method to identify substances as potential skin sensitizers and nonsensitizers.

ICCVAM Consideration of Independent Peer Review Panel Report and Other Comments

The ICCVAM evaluation process incorporates a high level of scientific peer review and
transparency. The evaluation process for the LLNA: BrdU-ELISA included two public review
meetings by an independent scientific peer review panel, multiple opportunities for public
comments, consideration of the OECD Expert Consultation on the LLNA, and comments from
the SACATM. ICCVAM and the Immunotoxicity Working Group considered the Panel report,
conclusions of the OECD Expert Consultation, the SACATM comments, and all public
comments before finalizing the ICCVAM Test Method Evaluation Report and final BRD for the
LLNA: BrdU-ELISA.
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1.0 Introduction

The murine local lymph node assay (traditional LLNA") is an alternative skin sensitization test
method that requires fewer animals and less time than currently accepted guinea pig (GP) tests (e.g.,
the guinea pig maximization test [GPMT] and the Buehler test). It also avoids animal discomfort that
can occur in the guinea pig tests when substances cause allergic contact dermatitis (ACD). The LLNA
measures cell proliferation in the draining auricular lymph nodes of the mouse by analyzing
incorporation of a radioactive marker into newly synthesized DNA. The LLNA was the first
alternative test method evaluated and recommended by the U.S. Interagency Coordinating Committee
on the Validation of Alternative Methods (ICCVAM). International regulatory authorities have now
recognized the traditional LLNA as an acceptable alternative to GP tests for most testing situations.

The LLNA with detection of bromodeoxyuridine (BrdU) incorporation by an enzyme-linked
immunosorbent assay (ELISA) (referred to hereafter as the “LLNA: BrdU-ELISA”) was one of
several modified versions of the LLNA nominated by the U.S. Consumer Product Safety Commission
(CPSC) for evaluation by ICCVAM and the National Toxicology Program Interagency Center for the
Evaluation of Alternative Toxicological Methods (NICEATM).” It is a nonradioactive version of the
LLNA that assesses cell proliferation using the incorporation of BrdU into newly synthesized DNA
rather than by quantifying the incorporation of *H-methyl thymidine or '*’I-iododeoxyuridine. The
increase in BrdU in lymph nodes from test animals compared to vehicle controls is then quantified
using an ELISA kit. The LLNA: BrdU-ELISA can reduce the use of animals for skin sensitization
testing when it is used in place of GP tests in countries that severely limit or discourage the use of
radioactive materials that are required by the traditional LLNA.

In accordance with the ICCVAM Authorization Act of 2000 (Public Law 106-545, 42 United States
Code 285/-3), ICCVAM coordinates the technical evaluation of new, revised, and alternative test
methods with regulatory applicability. After considering comments from the public and ICCVAM’s
advisory committee, the Scientific Advisory Committee on Alternative Toxicological Methods
(SACATM), ICCVAM members unanimously agreed that the LLNA: BrdU-ELISA should have a
high priority for evaluation. A detailed timeline of the LLNA: BrdU-ELISA evaluation is provided in
Appendix A. The ICCVAM-recommended LLNA: BrdU-ELISA test method protocol and the final
LLNA: BrdU-ELISA background review document (BRD) are provided in Appendices B and C,
respectively.

The ICCVAM Immunotoxicity Working Group (IWG) was established to work with NICEATM to
evaluate the LLNA: BrdU-ELISA and other test methods and applications. The European Centre for
the Validation of Alternative Methods (ECVAM) and the Japanese Center for the Validation of
Alternative Methods (JaCVAM) designated liaison members for the IWG.

To facilitate peer review of the LLNA: BrdU-ELISA test method, the IWG and NICEATM prepared
a comprehensive draft BRD that provided information and data from validation studies and the
scientific literature. A May 17, 2007, Federal Register (FR) notice (72 FR 27815%) requested data and
information on these test methods and nominations of individuals to serve on an international
independent scientific peer review panel (Panel). The request was also disseminated via the [CCVAM
electronic mailing list and through direct requests to over 100 stakeholders. In response to this
request, one individual submitted LLNA: BrdU-ELISA data and three individuals or organizations
nominated members to the Panel (see Section 4.0).

! The “traditional LLNA” refers to the validated ICCVAM-recommended LLNA test method protocol, which
measures lymphocyte proliferation based on incorporation of *H-methyl thymidine or '*I-iododeoxyuridine
into the cells of the draining auricular lymph nodes ICCVAM 1999; Dean et al. 2001).

2 Available at http://iccvam.niehs.nih.gov/methods/immunotox/linadocs/CPSC_LLNA_nom.pdf

3 Available at http://iccvam.niehs.nih.gov/SuppDocs/FedDocs/FR/FR_E7 9544 pdf
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In the initial draft BRD, ICCVAM examined data for 24 substances (16 sensitizers and eight
nonsensitizers, as classified by the traditional LLNA) that were tested in a single laboratory, with
results reported among six published studies and one platform presentation. On January 8, 2008,
ICCVAM announced the availability of the draft BRD to the public and a public Panel meeting to
review the validation status of the LLNA: BrdU-ELISA (and other LLNA-related activities)

(73 FR 1360%). All of the information provided to the Panel, including the ICCVAM draft BRD, draft
test method recommendations, and all public comments received prior to the Panel meeting, were
made publicly available via the NICEATM-ICCVAM website.’

The first Panel meeting was a public session held on March 4-6, 2008, to review the validation status
of the LLNA: BrdU-ELISA and the completeness of the ICCVAM draft BRD (see Appendix D1).
The Panel evaluated (1) the extent to which the draft BRD addressed established validation and
acceptance criteria and (2) the extent to which the BRD supported ICCVAM’s draft proposed test
method uses, recommended test method protocol, draft test method performance standards, and
proposed future studies. Interested stakeholders from the public were provided opportunities to
comment at the Panel meeting. The Panel considered these comments as well as those submitted prior
to the meeting before concluding their deliberations. The Panel agreed with the draft ICCVAM
recommendations that the LLNA: BrdU-ELISA may be useful for identifying substances as potential
skin sensitizers and nonsensitizers, but that more information and data were needed before definitive
conclusions on the usefulness and limitations of the LLNA: BrdU-ELISA could be made. The Panel
noted that the following information was needed before definitive recommendations could be made:
1) a detailed test method protocol; 2) individual animal data on a larger set of balanced reference
substances with respect to physicochemical properties and sensitization potency; and 3) an evaluation
of interlaboratory reproducibility. On May 20, 2008, ICCVAM posted a report of the Panel’s
recommendations® (see Appendix D2) on the NICEATM-ICCVAM website for public review and
comment (announced in 73 FR 29136”).

ICCVAM provided SACATM with the draft BRD and draft test method recommendations, the Panel
report, and all public comments for discussion at their meeting on June 18—19, 2008, where public
stakeholders were given another opportunity to comment.

NICEATM subsequently obtained a detailed test method protocol and additional data and revised the
draft BRD to include this new information. The revised draft BRD included an accuracy evaluation
for the expanded database of individual animal results for 31 substances (22 sensitizers and nine
nonsensitizers, as classified by the traditional LLNA) as well as an evaluation of interlaboratory
reproducibility. Based on the analyses included in the revised draft BRD, ICCVAM prepared revised
draft test method recommendations for proposed test method uses and limitations, recommended test
method protocol, test method performance standards, and future studies for the LLNA: BrdU-ELISA.
ICCVAM released the revised draft documents to the public for comment on February 27, 2009, and
announced a second meeting of the Panel (74 FR 8974%). The Panel reconvened on April 27-28,
2009, to reassess the validation status of the LLNA: BrdU-ELISA (see Appendix D3). The Panel also
reviewed the completeness of the revised draft [ICCVAM BRD and the extent to which the
information therein supported the revised draft ICCVAM test method recommendations. On

June 1, 2009, ICCVAM posted the second report of the Panel’s recommendations’ (see

* Available at http://iccvam.niehs.nih.gov/SuppDocs/FedDocs/FR/FR_E7 25553 .pdf
http://iccvam.niehs.nih.gov
Available at http://iccvam.niehs.nih.gov/docs/immunotox_docs/LLNAPRPRept2008.pdf
Available at http://iccvam.niehs.nih.gov/SuppDocs/FedDocs/FR/FR-E8-11195.pdf

Available at http://iccvam.niehs.nih.gov/SuppDocs/FedDocs/FR/FR-E9-4280.pdf

? Available at http://iccvam.niehs.nih.gov/docs/immunotox_docs/LLNAPRPRept2009.pdf
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Appendix D4) on the NICEATM-ICCVAM website for public review and comment (announced in
74 FR 26242'7).

ICCVAM provided SACATM with the revised draft BRD, the second Panel report, and all public
comments for discussion at their meeting on June 25-26, 2009, where public stakeholders were given
another opportunity to comment.

Based on the revised draft ICCVAM recommendations, NICEATM submitted a proposed draft
Organisation for Economic Co-operation and Development (OECD) Test Guideline (TG) for the
LLNA: BrdU-ELISA that was circulated in July 2009 to the 30 OECD member countries for review
and comment via their National Co-ordinators, who distributed the draft TG to interested
stakeholders. An OECD Expert Consultation meeting was held on October 20-22, 2009, to evaluate
the comments. Scientists from the National Institute of Environmental Health Sciences, the
Environmental Protection Agency, the Food and Drug Administration, and CPSC, as well as U.S. and
international experts from industry and other stakeholder organizations, participated in the meeting,
which was co-hosted by CPSC and NICEATM-ICCVAM. The expert group reviewed the draft
OECD TG for the LLNA: BrdU-ELISA, proposed responses to comments from member countries,
and evaluated additional LLNA: BrdU-ELISA results for substances tested and submitted to
NICEATM after the Panel evaluation. The expert group convened a subsequent teleconference on
December 1, 2009, to discuss outstanding issues identified at the October meeting. A revised TG was
again distributed to the 30 OECD member countries in December 2009 for review and comment by
national experts and interested stakeholders. A final teleconference of the Expert Consultation was
convened on January 29, 2010, to discuss the member country comments received during the last
round of review, and a final draft TG was developed based on these discussions. This final draft was
forwarded to the OECD Working Group of National Co-ordinators of the Test Guidelines Programme
to consider for adoption at their March 23-25, 2010, meeting.

ICCVAM and the IWG considered the SACATM comments, the Panel report, conclusions of the
OECD Expert Consultation, and all public comments before finalizing ICCVAM test method
recommendations for the LLNA: BrdU-ELISA. The recommendations (Section 2) and the final BRD
(Appendix C) are incorporated in this [CCVAM Test Method Evaluation Report. As required by the
ICCVAM Authorization Act (2000; Public Law 106-545, 42 United States Code 285/-3), ICCVAM
will forward its recommendations to U.S. Federal agencies for consideration. Federal agencies must
respond to ICCVAM within 180 days after receiving ICCVAM test method recommendations.
ICCVAM recommendations are available to the public on the NICEATM-ICCVAM website, and
agency responses also will be made available on the website as they are received.

1% Announced in 74 FR 26242 http://iccvam.niehs.nih.gov/SuppDocs/FedDocs/FR/FR-E9-12360.pdf
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2.0 ICCVAM Recommendations for the Nonradioactive LLNA: BrdU-
ELISA Test Method

ICCVAM evaluated the validation status of the LLNA: BrdU-ELISA as a nonradioactive
modification of the traditional LLNA (ICCVAM 1999; Sailstad et al. 2001; Dean et al. 2001 Haneke
et al. 2001) to identify substances that may cause ACD for regulatory hazard classification and
labeling purposes. While the traditional LLNA assesses cellular proliferation by measuring the
incorporation of *H-methyl thymidine or '*’I-iododeoxyuridine into the DNA of dividing lymph node
cells, the LLNA: BrdU-ELISA assesses cellular proliferation by measuring the incorporation of the
thymidine analog BrdU using ELISA detection (see Appendix B). NICEATM and ICCVAM
prepared a comprehensive report on the data and information supporting the validity of this test
method, including its accuracy and reliability compared to the traditional LLNA (see Section 3.0 and
Appendix C).

2.1 ICCVAM Recommendations: Test Method Usefulness and Limitations

ICCVAM concludes that the accuracy and reliability of the LLNA: BrdU-ELISA supports the use of
the test method to identify substances as potential skin sensitizers and nonsensitizers. For the
validation database of 43 substances,'' the LLNA: BrdU-ELISA correctly identified all 32 LLNA
sensitizers (0% [0/32] false negatives), and nine of the 11 LLNA nonsensitizers (18% [2/11] false
positives). [ICCVAM recommends that a stimulation index (SI) > 1.6 be used as the decision criterion
to identify substances as potential sensitizers. ICCVAM bases this recommendation on the fact that
no false negatives, relative to the traditional LLNA, result with the current validation database when
an SI > 1.6 is used.

A limitation of the LLNA: BrdU-ELISA is the potential for false positive results when borderline
positive responses between an SI of 1.6 and 1.9 are obtained (see Section 3.4). ICCVAM considers
the applicability domain for the LLNA: BrdU-ELISA to be the same as the traditional LLNA unless
there are properties associated with a class of materials that may interfere with the accuracy of the
LLNA: BrdU-ELISA. One exception would be nickel compounds where, unlike the traditional
LLNA, the LLNA: BrdU-ELISA can be used for testing nickel compounds based on its ability to
correctly identify them as potential sensitizers.

2.2 ICCVAM Recommendations: Test Method Protocol

ICCVAM recommends a LLNA: BrdU-ELISA test method protocol (Appendix B) that was based on
the protocol developed by Takeyoshi et al. (2001) and refined during an interlaboratory validation
study (Kojima et al. 2008). The ICCVAM-recommended LLNA: BrdU-ELISA protocol incorporates
all aspects of the [CCVAM-recommended LLNA test method protocol (Appendix A of ICCVAM
2009a), except for those procedures unique to the conduct of the LLNA: BrdU-ELISA. Key aspects
included in the ICCVAM-recommended protocol include the following:

e The high dose should be the maximum possible concentration (for liquids, solids, or
suspensions) that does not produce systemic toxicity and/or excessive local skin irritation.
The measurement of ear thickness is a potentially valuable adjunct for identifying local
skin irritation.

A minimum of four animals per dose group is recommended.

e Collection of individual animal data is recommended.

" For the accuracy analyses, results for substances tested multiple times were combined so that each substance
was represented by one result. In this case, the single result used for each substance represented the most
prevalent outcome. Multiple tests were available for 18 substances tested with the LLNA: BrdU-ELISA.



e Inclusion of a concurrent vehicle control and concurrent positive control in each study is
recommended.

Additionally, ICCVAM recommends there should be a measure of variability of the positive control
response over time. Laboratories should maintain a historical database of positive control SI values
such that results can be compared to the mean historical SI. There could be cause for concern when a
negative test substance result is accompanied by a concurrent positive control SI value significantly
lower than the mean historical SI.

In testing situations where dose-response information is not required, or negative results are
anticipated, [CCVAM recommends that the reduced LLNA: BrdU-ELISA should be considered and
used where determined appropriate. The reduced LLNA: BrdU-ELISA protocol uses only the high
dose (Kimber et al. 2006; ESAC 2007; ICCVAM 2009b), thus further reducing animal use by up to
40%.

2.3 ICCVAM Recommendations: Future Studies

ICCVAM recommends the following future studies to further characterize the usefulness and
limitations of the LLNA: BrdU-ELISA test method:

o Efforts should be made to identify additional human data and human experience for test
substances. These data may be used to further assess the usefulness and limitations of this
and other versions of the LLNA for identifying human sensitizing substances. Such
efforts might include post-marketing surveillance of consumers for allergic reactions and
occupational surveillance of potentially exposed workers.

e Additional substances that are nonsensitizing skin irritants should be tested to determine
the impact of such substances on the false positive rate of the LLNA: BrdU-ELISA.

e Efforts should be made to further characterize the sensitization potential of borderline
positive substances (those that produce an SI between 1.6 and 1.9) in the LLNA: BrdU-
ELISA to determine if such results might be false positives. This could include
evaluations of peptide reactivity, determination of molecular weight, identification of
results from related chemicals, human studies where ethically and scientifically justified,
review of occupational exposures and postmarketing experience or monitoring, or in vitro
testing data. All decision criteria should be reassessed as additional discriminators and
data become available.

24 ICCVAM Recommendations: Performance Standards

ICCVAM concludes that the ICCVAM-recommended performance standards (ICCVAM 2009a) for
the traditional LLNA can be used to evaluate any future modifications of the LLNA: BrdU-ELISA.
The ICCVAM-recommended performance standards for the traditional LLNA apply to the LLNA:
BrdU-ELISA because the test method is functionally and mechanistically similar to the traditional
LLNA. ICCVAM, in conjunction with ECVAM and JaCVAM, developed the internationally
harmonized test method performance standards for the traditional LLNA (ICCVAM 2009a) to
evaluate the performance of LLNA test methods that incorporate specific protocol modifications (e.g.,
procedures to measure lymphocyte proliferation) compared to the traditional LLNA. Thus, unique
performance standards for the LLNA: BrdU-ELISA are not proposed at this time.



3.0 Validation Status of the LLNA: BrdU-ELISA Test Method

The ICCVAM BRD for the LLNA: BrdU-ELISA test method (Appendix C) provides a
comprehensive review of the current validation status of the LLNA: BrdU-ELISA test method,
including its accuracy and reliability, the substances tested, the rationale for the standardized protocol
used for the validation studies, and all available data supporting its validity. This section provides a
brief description and summary of the validation status of the LLNA: BrdU-ELISA test method.

3.1 Test Method Description

Originally developed by Takeyoshi et al. (2001) and refined during an interlaboratory validation
study (Kojima et al. 2008), the purpose of the LLNA: BrdU-ELISA test method is to identify
potential skin sensitizers by quantifying lymphocyte proliferation. Like the traditional LLNA, the
magnitude of lymphocyte proliferation measured in the LLNA: BrdU-ELISA correlates with the
extent to which sensitization develops after a topical induction exposure to a potential skin-sensitizing
substance.

3.1.1 General Test Method Procedures

The test substance is administered topically on three consecutive days to the ears of mice at a
concentration that provides maximum solubility of the test substance without systemic toxicity and/or
excessive local irritation. Two days after the final application of the test substance, 10 mg/mL BrdU,
a thymidine analog, in 0.5 mL physiological saline is administered via intraperitoneal injection to
each mouse. Approximately 24 hours later, the draining auricular lymph nodes are excised, and a
single-cell suspension from the lymph nodes of each animal is prepared for quantifying the
incorporation of BrdU, which correlates with lymph node cell proliferation.

The incorporation of BrdU for each mouse is measured using an ELISA and is expressed in
absorbance units. The Sl is calculated as the ratio of the mean absorbance/mouse for each treatment
group against the mean absorbance/mouse for the vehicle control group. Substances producing an SI
greater than a specified threshold are considered to be sensitizers. Based on the accuracy evaluation
described in Section 3.4, the optimum accuracy was produced by SI > 1.6.

3.1.2 Similarities and Differences Between the Protocols for the Traditional LLNA
and the LLNA: BrdU-ELISA

The differences between the traditional LLNA (Dean et al. 2001; Sailstad et al. 2001; ICCVAM
1999) and the LLNA: BrdU-ELISA include the marker used to detect lymphocyte proliferation, the
route of administration of the marker, and time of lymph node excision. In the traditional LLNA, a
radioactive marker such as *H-methyl thymidine or '*I-iododeoxyuridine (in phosphate-buffered
saline; 250 uL/mouse) is administered via the tail vein. Then, five hours later, the draining auricular
lymph nodes are excised and prepared for quantifying the incorporation of radioactivity. As noted
above, in the LLNA: BrdU-ELISA, a BrdU solution is injected intraperitoneally to each mouse, and
the draining auricular lymph nodes are excised 24 hrs later. All other procedures for the two methods
are identical.

3.2 Validation Database

The current validation database for the LLNA: BrdU-ELISA includes results from studies of

43 substances that had previously been tested in the traditional LLNA. These results were obtained
from six published studies (Takeyoshi et al. 2003; 2004a; 2004b; 2005; 2006; 2007a), several
unpublished studies (Takeyoshi M, unpublished data), one platform presentation (Takeyoshi 2007b),
and one poster presentation (Kojima et al. 2008). The data from Takeyoshi et al. were generated in a



single laboratory while the data from Kojima et al. were generated in multiple laboratories during an
interlaboratory validation study. Data for 31 substances were available and reviewed by the
independent peer review panel in April 2009. Data for 12 additional substances and additional results
for four previously tested substances were submitted after the Panel review. ICCVAM and the OECD
Expert Consultation considered these additional data and the LLNA: BrdU-ELISA BRD was updated
to include the additional data.

The reference test data for the 43 substances were obtained from traditional LLNA tests. Of the

43 substances, 32 were classified by the traditional LLNA as skin sensitizers and 11 were classified as
nonsensitizers. GP skin sensitization data were available for 35 substances and human skin
sensitization test data or clinical case report information was available for 41 substances (see
Appendix C, Annex III-1).

Table 3-1 lists the 43 substances, uses, chemical classifications, traditional LLNA EC3 and
maximum stimulation index (SI) values, and LLNA: BrdU-ELISA EC1.6 and maximum SI values.
Nineteen chemical classes were represented by the substances tested in the LLNA: BrdU-ELISA;

11 substances were classified in more than one chemical class. The classes with the highest number of
substances were carboxylic acids (13 substances) and aldehydes (six substances). Of the 22 chemical
classes represented in the NICEATM LLNA database by at least five substances (thereby providing a
sufficiently large representation for further analyses), 20 classes had at least 60% of the traditional
LLNA results identified as positive. For this database of more than 600 substances, these classes were
identified as those most likely to be associated with skin sensitization. Fifteen of these classes were
also represented in the LLNA: BrdU-ELISA database (only amides, ethers, ketones, macromolecular
substances, and polycyclic compounds were not included). Among the chemical classes that have
been previously identified as common skin allergens (e.g., aldehydes, ketones, quinones, and
acrylates, [Gerberick et al. 2004]), only ketones were not included in the LLNA: BrdU-ELISA
database. Nevertheless, the Panel considered the database of substances tested in the LLNA: BrdU-
ELISA to be representative of a sufficient range of chemicals typically tested for skin sensitization
potential. The traditional LLNA EC3 values (i.e., estimated concentration needed to produce SI = 3)
for the 33 sensitizers ranged from 0.009% to 47.5%.

Physicochemical characteristics for the 43 substances are provided in Appendix C, Annex I1.
Molecular weights ranged from 30.03 to 388.29 g/mole. Twenty-five substances are liquids and
18 substances are solids. Log octanol: water partition coefficients, which were available for

41 substances, ranged from -3 to 3.88. Peptide reactivity, which was available for 22 substances,
ranged from high to minimal (Gerberick et al. 2007).



Table 3-1 Product Use and Chemical Classification, Traditional LLNA EC3 Values, LLNA: BrdU-ELISA EC1.6 Values, and
Maximum SI Values for 43 Tested Substances
Traditional LLNA: BrdU-
Substance Name Product Use' Chemical Class’ LLNA EC3 ELISA EC1.6
(Maximum SI)’ | (Maximum SI)°

5-Chloro-2-methyl-4] . . . Sulfur Compounds;

“sothaizolin-3-one" Cosmetics; Manufacturing; Pesticides Heterocyclic Compounds 0.009 (27.7) 0.065 (4.8)
p-Benzoquinone Manufacturing; Pesticides; Pharmaceuticals Quinones 0.010 (52.3) 0.150 (6.9)

Hydrocarbon, Halogenated;
2,4-Dinitrochlorobenzene” Manufacturing; Pesticides Nitro Compounds; 0.049 (43.9) 0.032 (18.8)
Hydrocarbons, Cyclic
Diphenylcyclopropenone Pharmaceuticals Hydrocarbons, Cyclic 0.050 (NA) 0.450 (19.1)
Glutaraldehyde Cosmetics; Disinfectant; Manufacturing; Aldehydes 0.083 (18.0) 0.115 (28.6)
Pesticides
4-Phenylenediamine’ Intermediate in chemlgal synthesis; Amines 0.11 (26.4) 0.285 (14.7)
Manufacturing
Formaldehyde Disinfectant; Manufacturing Aldehydes 0.50 (4.0) 0.163 (16.6)
Inorganic Chemical,
Cobalt chloride” Manufacturing; Pesticides Elements; Inorganic 0.66 (7.2) 0.316 (3.7)
Chemical, Metals

4-Methylaminophenol Manufacturing Amines; Phenols 0.8 (6.7) 1.081 (4.0)
sulfate

trans-Cinnamaldehyde Food additive; Fragrance agent Aldehydes 1.4 (13.1) 1.530(5.9)
Isoeugenol” Food additive; Fragrance agent Carboxylic Acids 1.5(31.0) 5.156 (8.4)
2-Mercaptobenzothiazole” Manufacturing; Pesticides Heterocyclic Compounds 1.7 (8.6) 12.097 (1.6)

Cosmetics; Food additive; Fragrance agent;
Cinnamic aldehyde Intermediate in chemical synthesis; Aldehydes 1.9 (18.4) 4.808 (4.0)
Personal care products; Pesticides
3-Aminophenol Cosmetics; Pharmaceuticals Amines; Phenols 3.2(5.7) 2.990 (3.1)




Traditional LLNA: BrdU-
Substance Name Product Use' Chemical Class® LLNA EC3 ELISA EC1.6
(Maximum SI)* | (Maximum SI)?
Diethyl maleate Food additive; Intermediate in chemical Carboxylic Acids 3.6 (22.6) 8.049 (6.3)
synthesis
Trimellitic anhydride Manufacturing Anhyd“dzsc;igsarboxyhc 4.7 (4.6) 0.862 (7.9)
Inorganic Chemicals,
Nickel sulfate Manufacturing Metals; Inorganic 4.8 (3.1) 1.027 (4.5)
Chemicals, Elements
4-Chloroaniline Intermediate in chemical synthesis; Amines 9.00 (3.3) 11.029 (2.5)
Manufacturing; Pesticides; Pharmaceuticals ) ) ) )
Cosmetics; Food additive; Manufacturing; Alcohols: Sulfur
Sodium lauryl sulfate” Personal care products; Pesticides; P 8.1 (8.9) 13.334 (2.6)
. Compounds; Lipids
Pharmaceuticals
Citral” Fragrance agent Hydrocarbons, Other 9.2 (20.5) 7.143 (16.4)
Hexyl cinnamic aldehyde” Food additive; Fragrance agent Aldehydes 9.7 (20.0) 12.920 (13.5)
Cosmetics; Food additive; Intermediate in
Eugenol’ chemical synthesis; Manufacturing; Carboxylic Acids 10.1 (17.0) 8.851 (17.7)
Personal care products; Pharmaceuticals
Phenyl benzoate” Manufacturing; Pesticides Carboxylic Acids 13.6 (11.1) 16.954 (3.4)
Cosmetics; Food additive; Fragrance agent;
Cinnamic alcohol” Intermediate in chemical synthesis; Alcohols 21.0(5.7) 24.091 (2.7)
Personal care products
Cyclamen aldehyde Food additive; Fragrance agent Aldehydes 22.3(5.2) 41.496 (5.7)
Hydroxycitronellal Food additive; Fragrance agent; Personal Hydrocarbons, Other 24.0 (8.5) 13.636 (4.8)
care products
Imidazolidinyl urca’ Cosmetics; Personal care products; Urea 24.0 (5.5) 49.545 (1.6)
Pesticides
Ethylene glycol . . .
dimethacrylate’ Manufacturing Carboxylic Acids 28.0(7.0) 31.751 (3.1)
Linalool Cosmetics; Food additive; Fragrance agent; |y 4o hons. Other 30.0 (8.3) 27.596 (4.7)

Personal care products; Pesticides




Traditional LLNA: BrdU-
Substance Name Product Use' Chemical Class® LLNA EC3 ELISA EC1.6
(Maximum SI)* | (Maximum SI)?
Ethyl acrylate Manufacturing Carboxylic Acids 32.8 (4.0) 33.333 (5.0)
. Cosmetics; Personal care products; ..
Isopropyl myristate Pharmaceuticals Lipids 44.0 (3.4) 9.404 (4.2)
- Food additive; Manufacturing; Personal .
Aniline care products; Pesticides; Pharmaceuticals Amines 47.5(4.4) 73596 (2.1)
2-Hydroxypropyl Intermediate in chemical synthesis; . .
methacrylate Manufacturing Carboxylic Acids NC (1.3) NC (1.1)
. Cosmetics; Manufacturing; Personal care . .

Diethyl phthalate products: Pesticides; Pharmaceuticals Carboxylic Acids NC (1.5) NC (0.9)
Dimethyl isophthalate Manufacturing; Fragrance agent Carboxylic Acids NC (1.0) NC (1.3)

Cosmetics; Food additive; Intermediate in

chemical synthesis; Manufacturing; )
Glycerol Personal care products; Pharmaceuticals: Alcohols; Carbohydrates NC (1.1) NC (1.3)
Solvent
Hexane Manufacturing; Solvent Hydrocarbons, Acyclic NC (2.2) 56.328 (1.9)
Cosmetics; Disinfectant; Food additive;
* Intermediate in chemical synthesis; 4
Isopropanol Manufacturing; Personal care products; Alcohols NC .7 3-344(2.2)
Pharmaceuticals; Solvent
Lactic acid’ Food additive; Manufacturing; Carboxylic Acids NC (2.2) 15.177 (2.5)
Pharmaceuticals

Cosmetics; Food additive; Fragrance agent;

Methyl salicylate” Personal care products; Pharmaceuticals; Carboxylic Acids NC (2.9) NC (1.4)
Solvent
Salicylic acid’ Food additive; Manufacturing; Phenols; Carboxylic Acids NC (2.5) NC (1.3)
Pharmaceuticals
Sulfanilamide Pharmaceuticals Hydrocarbons, Cyclic; NC (1.0) NC (1.3)
Sulfur Compounds

Cosmetics; Food additive; Intermediate in

Propylene glycol chemical synthesis; Personal care products; Alcohols NC (1.6) NC (1.6)

Pharmaceuticals; Solvent




Abbreviations: EC3 = estimated concentration (expressed as percentage) needed to produce SI = 3; EC1.6 = estimated concentration (expressed as percentage)
needed to produce SI = 1.6; LLNA = murine local lymph node assay; LLNA: BrdU-ELISA= local lymph node assay with enzyme-linked immunosorbent
assay detection of bromodeoxyuridine; NA = not available; NC = not calculated since maximum SI < 3.0 for the traditional LLNA or maximum SI < 1.6 for
the LLNA: BrdU-ELISA; SI = stimulation index.

* Reference substance from ICCVAM (2009a).

Information gathered from the following databases:

Hazardous Substances Database (http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB)
Haz-Map (http://hazmap.nlm.nih.gov/)

Household Products Database (http://hpd.nlm.nih.gov/index.htm)

International Programme on Chemical Safety INCHEM database (http://www.inchem.org/)
National Toxicology Program (http://ntp.niehs.nih.gov:8080/index.html?col=010stat).

Chemical classifications based on the Medical Subject Headings classification for chemicals and drugs, developed by the National Library of Medicine
(http://www.nlm.nih.gov/mesh/meshhome.html).

Mean EC3 (expressed as percent concentration) and maximum SI values are from the NICEATM database of traditional LLNA studies. EC1.6 and SI values
for individual LLNA: BrdU-ELISA tests are provided in Annex IV of the BRD (Appendix C).

Highest SI of seven tests. Because the majority (five) of the seven tests, had SI values < 1.6, isopropanol is considered to be a nonsensitizer in the LLNA:
BrdU-ELISA.


http://www.nlm.nih.gov/mesh/meshhome.html
http://ntp.niehs.nih.gov:8080/index.html?col=010stat
http:http://www.inchem.org
http://hpd.nlm.nih.gov/index.htm
http:http://hazmap.nlm.nih.gov
http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB

3.3 Reference Test Method Data

Thirty-five of the 43 substances that were tested in the traditional LLNA were considered in the
original evaluation of the LLNA by ICCVAM (ICCVAM 1999). The traditional LLNA reference data
used for the accuracy evaluation were obtained from ICCVAM (1999) for 33 of these substances.
Data for two substances which were negative in the original LLNA evaluation (ICCVAM 1999),
aniline and nickel sulfate, were obtained from more recent sources that tested higher concentrations
and obtained positive results. The traditional LLNA data for the remaining eight substances that were
not considered in the original ICCVAM evaluation were obtained from the scientific literature. The
reference data for GP tests (GPMT or Buehler test) and human tests (human maximization test,
human patch test allergen, or other human data) were also obtained from the original LLNA
evaluation (ICCVAM 1999) and the scientific literature. The LLNA, GP, and human reference data
and sources for the 43 substances evaluated are provided in Annex III of the BRD (Appendix C).

3.4 Test Method Accuracy

The ICCVAM evaluation of the LLNA: BrdU-ELISA included an assessment of multiple decision
criteria including SI > 2.0, the threshold for distinguishing sensitizers and nonsensitizers that was
used in the protocol for the interlaboratory validation study (Kojima et al. 2008) (Table 3-2). When
the optimal decision criterion of SI > 1.6 was used to identify sensitizers vs. nonsensitizers, compared
to the traditional LLNA, accuracy was 95% (41/43), with a false positive rate of 18% (2/11) and a
false negative rate of 0% (0/32). The two false positive substances, hexane (SI = 1.76 and 1.89) and
lactic acid (SI=1.80, 1.89, and 2.53), produced SI values between 1.6 and 1.9 in the LLNA: BrdU-
ELISA. Other available information such as dose-response, evidence of systemic toxicity or excessive
local irritation, and (where appropriate) statistical significance together with SI values should be
considered to confirm that such borderline results are potential skin sensitizers. Consideration should
also be given to various properties of the test substance, including whether it is structurally similar to
known skin sensitizers. For example, peptide reactivity (Gerberick et al. 2007) could be used to
interpret LLNA: BrdU-ELISA results when borderline positive results (e.g., SI values between 1.6
and 1.9) are produced to confirm that such results are not false positive. Both of the LLNA
nonsensitizers with positive results in the LLNA: BrdU-ELISA, lactic acid and hexane, had minimal
peptide reactivity. No unique characteristics were identified that could be used as rationale for
excluding any particular types of substances from testing in the LLNA: BrdU-ELISA.

An evaluation to determine the robustness of the optimum SI > 1.6 criterion indicated that the SI was
quite stable. Taking different samples of the data as training and validation sets had relatively little
impact on the cutoff SI criteria or on the resulting number of false positives or false negatives
(Appendix C, Annex VII).

Figure 3-1 shows that SI values for the LLNA: BrdU-ELISA are generally lower than those for the
traditional LLNA at comparable test doses. SI values for substances with more than one test result are
represented by the geometric mean with bars to show the overall range of individual study results
used to calculate the geometric mean. The purpose of showing the geometric mean and associated
ranges is to provide an assessment of variability among results, and the relative sensitivity of the
traditional LLNA and LLNA: BrdU-ELISA results. However, the accuracy analyses reported in the
BRD are based on individual test results and not on a geometric mean. The SI values for Figure 3-1
are provided in Table 3-3.



Table 3-2 Performance of the LLNA: BrdU-ELISA for 43 Substances in Predicting Skin Sensitizing Potential Using Alternative
Decision Criteria to Identify Sensitizers

oo | Aoomy | seniviy | speitcy | Fobpive | TaeNemie | boame | Newmbe
Criterion % (No.") % (No. " % (No. " % (No. " % (No. " % (No. " % (No. "

Statistics” 91 | (39/43)| 97 | 3132)| 73 (8/11) 27 | 31D 3 (1/32) 91 | (31/34) | 89 (8/9)

>95% CI’ 88 | (38/43) | 100 | (32/32)| 54 (6/11) 46 | (5/11) 0 (0/32) 86 | 3237)| 100 (6/6)
>2 SD* 91 | (39/43) | 100 | (32/32)| 64 (7/11) 36 | (@11 0 (0/32) 89 | (32736) | 100 (7/7)
>3 SD’ 91 | 39/43)| 91 | (2932)| 91 | (10/11) 9 (1/11) 9 (3/32) 97 | (29/30) | 77 | (10/13)
SI>5.0 49 | (21/43)| 31 | (10/32) | 100 | (11/11) 0 (0/11) | 69 | (22/32) | 100 | (10/10) | 33 | (11/33)
SI>4.5 58 | (25/43) | 44 | (14/32) | 100 | (11/11) 0 (0/11) | 56 | (18/32) | 100 | (14/14) | 38 | (11/29)
SI>4.0 63 | (27/43) | 50 | (16/32) | 100 | (11/11) 0 (0/11) | 50 | (16/32) | 100 | (16/16) | 41 | (1127)
SI>3.5 74 | (32/43) | 66 | (21/32)| 100 | (11/11) 0 (0/11) 34 | (11/32) | 100 | 2121)] 50 | (11/22)
SI>3.0 84 | 36/43) | 78 | (25/32)| 100 | (11/11) 0 (o/11) | 22 (732) | 100 | (2525)| 61 | (11/18)
SI>25 93 | (40/43) | 91 | (2932) | 100 | (11/11) 0 (0/11) 9 (3/32) | 100 | 2929)| 79 | (11/14)
SI>2.0 95 | (41/43)| 94 | (30/32)| 100 | (11/11) 0 (0/11) 6 (2/32) | 100 | 3030)| 85 | (11/13)
SI>1.9 95 | 41/43)| 94 | (30/32)| 100 | (11/11) 0 (0/11) 6 (2/32) | 100 | 3030)| 85 | (11/13)
SI> 1.6 95 | (41/43)| 100 | (32/32)| 82 (9/11) 18 | (2/11) 0 (0/32) 94 | (30/32) | 100 (9/9)
SI>1.5 95 | (41/43) | 100 | (32/32)| 82 (9/11) 18 (2/11) 0 (0/32) 94 | (30/32) | 100 (9/9)
SI>1.3 93 | (40/43) | 100 | (32/32)| 73 (8/11) 27 (3/11) 0 (0/32) 91 | (32/35)| 100 (8/8)

Abbreviations: CI = confidence interval; LLNA: BrdU-ELISA = murine local lymph node assay with enzyme-linked immunosorbent assay detection of
bromodeoxyuridine (BrdU); No. = number; SD = standard deviation; SI = stimulation index

' The proportion on which the percentage calculation is based.




2 Analysis of variance for difference of group means when substances were tested at multiple doses or ¢-test when substances were tested at one dose. The
absorbance data were log-transformed prior to analysis of variance. Significance at p < 0.05 was further tested by Dunnett’s test.

The mean absorbance of at least one treatment group was outside the 95% confidence interval for the mean absorbance of the vehicle control group.
The mean absorbance of at least one treatment group was greater than 3 SD from the mean absorbance of the vehicle control group.

The mean absorbance of at least one treatment group was greater than 2 SD from the mean absorbance of the vehicle control group.



Figure 3-1 Comparison of LLNA: BrdU-ELISA Stimulation Index with Traditional
LLNA Stimulation Index'
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Abbreviations: CMI = 5-chloro-2-methyl-4-isothiazoline-3-one solution; DPCP = diphenylcyclopropanone;
DNCB = 2,4-dinitrochlorobenzene; EGDA = ethylene glycol dimethacrylate; False + = false positive
results in the LLNA: BrdU-ELISA (based on most prevalent result for substances with multiple tests)
were in the SI range between 1.6 and 1.9; HCA = hexyl cinnamic aldehyde; HPMA = 2-hydroxypropyl
methacrylate; LLNA = murine local lymph node assay; LLNA: BrdU-ELISA = murine local lymph node
assay with enzyme-linked immunosorbent assay detection of bromodeoxyuridine; MAPS = 4-methyl
aminophenol sulfate; MBT = 2-mercaptobenzothiazole; Ni = nickel; SI = stimulation index.

LLNA: BrdU-ELISA and traditional LLNA responses at comparable test doses are shown. Symbols
show the SI for substances with one test result or geometric mean maximum SI for substances with more
than one test result. Table 3-3 shows the individual values used. Bars show the range of values reported
for multiple test results (heavy bars for LLNA: BrdU-ELISA and light bars for traditional LLNA).
Numbers in parentheses beside the chemical names show the number of SI values for the LLNA: BrdU-
ELISA and then the number of SI values for the traditional LLNA used in this figure. The number of SI
values used in the figure may be different from the total number of SI values available since only
comparable test doses and vehicles were used in this figure. The accuracy analyses used individual test
results rather than geometric mean SI values. Using individual test results, traditional LLNA
nonsensitizers with maximum SI between 1.6 and 1.9 include hexane and lactic acid.

* The LLNA: BrdU-ELISA SI for diethyl phthalate is outside of the displayed data range and is not shown
(SI<1).



Table 3-3

Compared to the Traditional LLNA

Maximum SI Values of 43 Substances Evaluated in the LLNA: BrdU-ELISA

Substance Name'

Test
Vehicle?

LLNA: BrdU-ELISA
Maximum SI Values®

Traditional LLNA
Maximum SI Values

Sensitizers (LLNA:

BrdU-ELISA SI > 1.6 and Traditional LLNA SI > 3.0)

Benzoquinone (1,1) AOO 6.94 52.30
1,4-Phenylenediamine (1,3) AOO 14.70 23.30, 37.40, 75.30
8‘,1;1)16““”10"”1’6“0“ AOO/ACE 19.10 31.70
2.,4-Dinitrochlorobenzene AOO 3.68, 4.50, 5.29, 6.26, 23.00, 24.00, 26.80,
(7,5) 6.53,12.30, 18.80 36.70, 49.60
CMI (1,1) DMF 4.83 22.70
Diethyl maleate (1,1) AOO 6.27 22.60
Glutaraldehyde (3,1) ACE 2.25,3.72,28.60 18.00
10.00, 11.60, 11.60,
2.72,2.87,3.02,3.27, 13.40, 14.00, 14.00,
HCA (11,14) AOO 3.34, 3.40, 3.60, 3.64, 14.10, 14.50, 16.00,
3.84,5.90, 13.50 17.00, 17.00, 17.00,
17.60, 20.00
trans-Cinnamaldehyde (4,1) AOO 3.37,3.50,4.11, 5.86 13.10
Cinnamic aldehyde (1,3) AOO 3.97 7.60, 15.80, 18.40
4.01, 6.10, 9.30, 9.60,
3.05,3.17, 3.18, 7.09, 10.20, 12.40, 14.10,
Eugenol (6,12) ACO 12.30, 17.70 16.00, 16.10, 16.10,
17.00, 70.30
4.10, 4.90, 5.00, 5.60,
6.70, 6.80, 7.20, 7.20,
7.50, 7.50, 7.60, 8.70,
10.00, 11.00, 11.10,
11.80, 12.40, 13.80,
Isoeugenol (4,36) AOO 2.36,2.43,7.20, 8.36 13.10, 13.10, 13.10,
14.10, 14.70, 14.70,
15.30, 17.00, 18.40,
19.00, 23.20, 19.20,
19.30, 23.20, 23.60,
24.40, 29.80, 31.00
MBT (1.5) DMF 1.62 4.60, 9.1(1),7_91.(5)0, 10.80,
Citral (1,4) AOO 16.40 4.70, 6.20, 9.30, 20.50
Hydroxycitronellal (2,1) AOO 1.34,4.78 8.50
Linalool (2,1) AOO 1.45, 4.65 8.30
Cobalt chloride (1,1) DMSO 3.68 7.21
EGDA (1,1) MEK 3.11 7.00
MAPS (1,1) DMF 3.98 6.70
Phenyl benzoate (1,2) DMF/AOO 3.37 3.50,11.10
3-Aminophenol (1,1) AOO 3.06 5.70

continued




Table 3-3

Compared to the Traditional LLNA (continued)

Maximum SI Values of 43 Substances Evaluated in the LLNA: BrdU-ELISA

Substance Name'

Test
Vehicle?

LLNA: BrdU-ELISA
Maximum SI Values®

Traditional LLNA
Maximum SI Values

Sensitizers (LLNA:

BrdU-ELISA SI > 1.6 and Traditional LLNA SI > 3.0)

Imidazolidinyl urea (1,1) DMF 1.61 5.50
Cyclamen aldehyde (1,1) AOO 1.97,5.71 5.16
Trimellitic anhydride (1,1) AOO 7.85 4.60
Sodium lauryl sulfate (1,7) DMF 2.64 1'6%126’62? 44(5,1%95(510’
Formaldehyde (3, 1) ACE 1.97, 4.40, 16.60 4.00

Ethyl acrylate (1,1) AOO 4.95 3.98
Cinnamic alcohol (1,1) AQOO 2.74 3.90
Isopropyl myristate (1,1) AOO 4.19 3.40

Ni sulfate (3,1) DMSO 2.58,2.66,4.53 3.10

Aniline (1,2) AOO 2.07 1.70, 3.30
4-Chloroaniline (1,4) AOO 2.53 1.80, 1.80, 2.50, 3.30

Traditional LLNA Nonsensitizers (SI <3.0)

with Borderline Positive SI Values in LLNA: BrdU-ELISA (1.6 < SI

< 1.9; see bold text)

Hexane (1,1)

AOO

1.38,1.89

2.20

Lactic acid (3,1)

DMSO

1.80, 1.89, 2.53

2.20

Nonsensitizers (LLNA: BrdU-ELISA SI < 1.6 and Traditional LLNA SI < 3.0)

Salicylic acid (1,1) AOO 1.26 2.50
. 0.90, 1.10, 1.72, 1.90,
Methyl salicylate (3,7) AOO 1.40, 1.44, 1.44 2.10. 2.30, 2.90
0.94,0.98, 1.01, 1.57,
Isopropanol (6,1) AOO 2.04.2.22 1.70
Propylene glycol (2,1) AOO/Water 0.87,1.57 1.60
Diethyl phthalate (1,1) AOO 0.88 1.50
HPMA (1,1) AOO 1.13 1.30
Glycerol (1,1) Water/DMF 1.29 1.10
Dimethyl isophthalate (1,1) AOO 1.26 1.00
Sulfanilamide (1,1) DMF 1.26 1.00

Abbreviations: ACE = acetone; AOO = acetone: olive oil (4:1); CMI = 5-Chloro-2-methyl-4-isothiazoline[
3-one solution; DMF = N, N-dimethylformamide; DMSO = dimethy] sulfoxide; EGDA = ethylene glycol
dimethacrylate; HCA = hexyl cinnamic aldehyde; HPMA = 2-hydroxypropyl methacrylate;

LLNA = murine local lymph node assay; LLNA: BrdU-ELISA = murine local lymph node assay with
enzyme-linked immunosorbent assay detection of bromodeoxyuridine; MAPS = 4-methyl aminophenol
sulfate; MBT = 2-mercaptobenzothiazole; Ni sulfate = nickel (I) sulfate hexahydrate; SI = stimulation

index.

Numbers in parentheses beside the substance names indicate the number of tests for the LLNA: BrdU-

ELISA followed by the traditional LLNA, which may differ from the total number of tests available since
only the most comparable test doses and vehicles were included.

The vehicle used was the same in LLNA: BrdU-ELISA and traditional LLNA tests, except where

indicated (e.g., vehicle used in the LLNA: BrdU-ELISA/vehicle used in the traditional LLNA).




* The bold text indicates SI values having potential false positive results (1.6 < SI < 1.9) for individual
LLNA: BrdU-ELISA tests

3.5 Test Method Reliability (Intra- and Interlaboratory Reproducibility)

The BRD details the evaluation of intra- and interlaboratory reproducibility of the LLNA: BrdU-
ELISA test method. Intralaboratory reproducibility was assessed using a concordance analysis of
sensitizer/nonsensitizer results, and a coefficient of variation (CV) analysis of SI values and
EC1.6 values (estimated concentration needed to produce an SI of 1.6). The qualitative analysis
shows that multiple tests of 12 substances (10 LLNA sensitizers and two nonsensitizers) yielded
100% concordance for sensitizer/nonsensitizer outcomes for 83% (10/12) of the substances. The
concordant results for one nonsensitizer, hexane, however, were incorrectly positive for both tests
(2/2 tests had SI > 1.6). In the quantitative analyses, the CVs for the SI values of 13
substance/concentration combinations that were tested up to five times each ranged from 1% to
80%. In addition, the CVs for the EC1.6 values of four substances that were tested up to five
times at multiple doses ranged from 37% to 118%.

When using SI > 1.6 as the threshold to distinguish sensitizers from nonsensitizers, the qualitative
interlaboratory reproducibility analysis of 10 substances (seven sensitizers and three
nonsensitizers) that were tested in three to seven laboratories indicated 100% agreement (3/3, 6/6,
or 7/7) among the laboratories for nine substances (seven sensitizers and two nonsensitizers).
However, one of the nonsensitizers, lactic acid, for which there was 100% agreement among the
laboratories, was a false positive (i.e., 3/3 laboratories had SI > 1.6). There was 67% (4/6)
agreement among the tests for the remaining nonsensitizer. Interlaboratory CVs for the EC1.6
values of the seven sensitizers ranged from 31% to 93%.

When using SI > 1.6 to classify sensitizers, the concordance analysis for the 18 substances with
multiple tests indicated that the SI results for 85% (11/13) of the sensitizers (based on traditional
LLNA results) were 100% concordant (i.e., all tests yielded SI > 1.6) (Table 3-4). The SI results
for the remaining two sensitizers included one test with SI < 1.6 and another test with SI > 1.6.
The SI results for 60% (3/5) of the nonsensitizers were 100% concordant. All tests for two of the
three nonsensitizers yielded SI < 1.6. All tests for the third nonsensitizer yielded SI values
between 1.6 and 1.9, the narrow region in which false positive results occurred. The concordance
for the other two nonsensitizers was 71% (5/7) for SI < 1.6 and 67% (2/3) for SI values between
1.6 and 1.9.

Table 3-4 Concordance of LLNA: BrdU-ELISA Tests across Maximum SI Categories

LLNA: BrdU- LLNA: BrdU-ELISA Sensitizers
ELISA (Maximum SI > 1.6)
Substance Nonsensitizers . . Total
. 1.6 < Maximum SI Maximum Tests
(Maximum <1.9! SI > 1.9

SI<1.6" ) -
Sensitizers”
Cyclamen aldehyde 0 (0%) 0 (0%) 0 (100%) 2
2,4-Dinitrochlorol’] o o o
benzene 0 (0%) 0 (0%) 9 (100%) 9
E;Egﬁ‘;ylcyd"pmj 0 (0%) 0 (0%) 3 (100%) 3
Eugenol 0 (0%) 0 (0%) 9 (100%) 9
Formaldehyde 0 (0%) 0 (0%) 3 (100%) 3
Glutaraldehyde 0 (0%) 0 (0%) 5 (100%) 5

continued




Table 3-4 Concordance of LLNA: BrdU-ELISA Tests across Maximum SI Categories

(continued)
LLNA: BrdU- LLNA: BrdU-ELISA Sensitizers
ELISA (Maximum SI > 1.6)
Substance Nonsensitizers Total
. 1.6 < Maximum SI Maximum Tests
(Maximum <1.9' SI>1.9'
SI<1.6) =
Sensitizers’
gzzi;fl‘emamw 0 (0%) 0 (0%) 12 (100%) 12
Hydroxycitronellal 1 (50%) 0 (0%) 1 (50%) 2
Isoeugenol 0 (0%) 0 (0%) 3 (100%) 3
Linalool 1 (50%) 0 (0%) 1 (50%) 2
Nickel sulfate 0 (0%) 0 (0%) 3 (100%) 3
1,4-Phenylenediamine 0 (0%) 0 (0%) 2 (100%) 2
trans-Cinnamaldehyde 0 (0%) 0 (0%) 4 (100%) 4
Nonsensitizers*
Hexane 0 (0%) 2 (100%) 0 (%) 2
Isopropanol 5 (711%) 0 (0%) 2 (29%) 7
Lactic acid 0 (0%) 2 (67%) 1 (33%) 3
Methyl salicylate 3 (100%) 0 (0%) 0 (0%) 3
Propylene glycol 3 (100%) 0 (0%) 0 (0%) 3

Abbreviations: LLNA: BrdU-ELISA = murine local lymph node assay with enzyme-linked immunosorbent
assay detection of bromodeoxyuridine; SI = stimulation index.

! Numbers shown reflect number of tests. Percentage in parentheses reflects percentage of the total number
of tests for each substance.

* According to traditional murine local lymph node assay results.

3.6 Animal Welfare Considerations: Reduction, Refinement, and Replacement

The LLNA: BrdU-ELISA will use the same number of animals as the updated ICCVAM-
recommended traditional LLNA protocol (Appendix A of ICCVAM 2009a). However, since use
of the traditional LLNA is restricted in some countries and institutions because of limitations on
handling radioactivity, availability and use of the nonradioactive LLNA: BrdU-ELISA may lead
to further reduction in use of the GP tests, which would provide for reduced animal use and
increased refinement due to the avoidance of pain and distress that occur in the GP tests when
substances cause ACD. Additionally, the LLNA: BrdU-ELISA test method protocol requires
fewer mice per treatment group (a minimum of four animals/group) than either of the GP tests
(10-20 animals/group for the Buehler test and 5-10 animals/group for the GPMT).




4.0 ICCVAM Consideration of Independent Peer Review Panel
Report and Other Comments

The ICCVAM evaluation process incorporates a high level of scientific peer review and
transparency. The evaluation process for the LLNA: BrdU-ELISA included two public review
meetings by an independent scientific peer review panel, multiple opportunities for public
comments (see Section 1.0), consideration of the OECD Expert Consultation on the LLNA, and
comments from the SACATM. ICCVAM and the IWG considered the Panel report, conclusions
of the OECD Expert Consultation, the SACATM comments, and all public comments before
finalizing the ICCVAM Test Method Evaluation Report and final BRD for the LLNA: BrdU-
ELISA. This chapter summarizes the ICCVAM consideration of these reports and comments. The
peer review panel reports and public comments are provided as Appendices D and E,
respectively. The report of the OECD Expert Consultation on the LLNA is not publicly available.

4.1 ICCVAM Consideration of Independent Peer Review Panel Report and
OECD Comments

4.1.1 Comments on Revised Draft ICCVAM Recommendations: Test Method
Usefulness and Limitations

The Panel agreed that the available data and test method performance supported the use of the
LLNA: BrdU-ELISA to identify substances as potential sensitizers and nonsensitizers, with
certain limitations. The Panel noted that the accuracy analysis they reviewed supported using two
decision criteria (i.e., one to identify sensitizers and one to identify nonsensitizers). The Panel
emphasized that the decision criteria were empirically derived from the data and produced the
best combination of maximum accuracy coupled with the minimum number of results in the
range of uncertainty (i.e., the range in which maximum SI results were between the decision
criteria for sensitizers and nonsensitizers). Since using two decision criteria allows for a more
definitive identification of sensitizers and nonsensitizers, this approach provides animal welfare
benefits by reducing further tests that might be required in instances where the hazard
classification of a substance is not as clear. In addition, one can use statistical analysis and/or
other data and information (e.g., peptide reactivity, quantitative structure-activity relationships,
skin penetration information) to provide more information on compounds that fall in the range of
uncertainty. However, the Panel questioned how results in the range of uncertainty would be
useful for regulatory purposes and emphasized that additional guidance would be needed on how
to classify substances with SI values in the range of uncertainty.

The OECD LLNA Expert Consultation viewed that despite certain limitations, the LLNA: BrdU-
ELISA is useful as a modified LLNA test method that has the potential to reduce the number of
animals required and refine the way in which animals are used for ACD testing. The experts
reviewed LLNA: BrdU-ELISA results for 12 additional substances and four substances
previously tested that were received by NICEATM after the Panel meeting. Like the Panel,
OECD member country experts questioned the regulatory utility of the LLNA: BrdU-ELISA
since specific guidance on how to classify substances with SI values in the range of uncertainty
had not been developed. Therefore, they recommended instead that a single decision criterion (as
was originally proposed by ICCVAM and reviewed by the Panel in 2008) would be more useful
to identify substances as potential sensitizers. They agreed with ICCVAM that SI > 1.6 provided
the optimal test method performance by preventing false negative results. They also agreed with
ICCVAM that users may want to consider additional information such as dose-response, evidence
of systemic toxicity and/or excessive local skin irritation, and where appropriate, statistical



significance together with SI values to confirm borderline positive results (i.e., SI between 1.6
and 1.9) as potential skin sensitizers.

ICCVAM considered the Panel report and the OECD Expert Consultation recommendations, and
concluded that the single SI decision criterion of SI > 1.6 to classify sensitizers would avoid false
negative results as well as indeterminate results, which are not useful for regulatory purposes.
Borderline results that may occur between 1.6 and 1.9 could be evaluated using other information
to confirm the result.

4.1.2 Comments on Revised Draft ICCVAM Recommendations: Test Method
Protocol

The Panel concurred with [CCVAM that the validation studies indicated that the standardized
protocol was sufficiently transferable and reproducible. The Panel agreed that laboratories should
maintain a historical database of positive control SI values and some measure of variability over
time. The evaluation of the variation in positive control responses over time has wide
applicability to a broad range of test systems.

The Panel agreed with the ICCVAM-recommended protocol, which indicated that all existing
toxicological information (e.g., acute toxicity and dermal irritation) and structural and
physicochemical information on the test substance of interest (and/or structurally related test
substances) should be considered, where available, in selecting three consecutive doses. The
OECD Expert Consultation also agreed and emphasized that the highest dose should be the
concentration that maximizes exposure while avoiding systemic toxicity and/or excessive local
skin irritation after topical application in the mouse. In the absence of such information, and
consistent with the updated ICCVAM recommended protocol, a prescreen test should be
performed in order to define the appropriate dose level to test in the LLNA: BrdU-ELISA. The
Panel and the OECD Expert Consultation agreed in principle with ICCVAM that use of a reduced
LLNA: BrdU-ELISA test method protocol instead of the multidose LLNA: BrdU-ELISA test
method protocol has the potential to reduce the number of animals used in a test by omitting the
middle and low dose groups. However, some members of the OECD Expert Consultation
speculated that the reduced LLNA would have limited regulatory use and therefore the extent of
potential animal savings is difficult to estimate.

4.1.3 Comments on the Revised Draft ICCVAM Recommendations: Future
Studies

The Panel concurred with ICCVAM’s revised draft recommendations for future studies,
emphasizing that additional decision criteria and guidance should be identified for substances that
produce SI values in the range of uncertainty, and that the additional decision criteria should be
reassessed as additional discriminators and data become available (e.g., high-quality human ACD
data). While the range of uncertainty is eliminated when using the single decision criterion of
SI> 1.6, the OECD Expert Consultation recommended that borderline positive results (i.e., SI
values between 1.6 and 1.9) be further evaluated to determine if they are correctly identified as
potential skin sensitizers.

The Panel recommended further consideration of statistical issues, including how to determine
and evaluate classification methods (i.e., classification cutoff points). The Panel also
recommended that future interlaboratory validation studies should simultaneously evaluate
intralaboratory reproducibility, using appropriate statistics, to evaluate variation both within a
laboratory and between laboratories.

ICCVAM considered the Panel report and the OECD Expert Consultation recommendations and
concluded that efforts should be made to further characterize the sensitization potential of



borderline positive substances that produce an SI between 1.6 and 1.9 in the LLNA: BrdU-ELISA
to confirm that such results are not false positive.

4.1.4 Comments on Revised Draft ICCVAM Recommendations: Performance
Standards

The Panel agreed that the ICCVAM-recommended LLNA performance standards state the
essential test method requirements, and the LLNA: BrdU-ELISA adheres to them such that it
should be considered mechanistically and functionally similar. The only variation with the
traditional LLNA is the means by which lymphocyte proliferation during the induction phase is
evaluated. Likewise, the OECD Expert Consultation also considered the LLNA: BrdU-ELISA to
be mechanistically and functionally similar to the LLNA, and therefore agreed that the LLNA
performance standards are applicable.

4.2 ICCVAM Consideration of Public and SACATM Comments

The ICCVAM evaluation process incorporates a high level of transparency. This process is
designed to provide numerous opportunities for stakeholder involvement, including submitting
written public comments and providing oral comments at ICCVAM independent peer review
panel meetings and SACATM meetings. Table 4-1 lists the 12 different opportunities for public
comment that were provided during the ICCVAM evaluation of the validation status of new
versions and applications of the LLNA. The number of public comments received in response to
each of the opportunities is also indicated. A total of 49 comments were submitted. Comments
received in response to or related to the FR notices are available on the NICEATM-ICCVAM
website.'? The following sections, delineated by FR notice, briefly discuss the public comments
received.

Table 4-1 Opportunities for Public Comments
Number of Public
Opportunities for Public Comments Date Comments
Received
72 FR 27815: The Murine Local Lymph Node Assay:
Request for Comments, Nominations of Scientific Experts, May 17, 2007 17
and Submission of Data
72 FR 52130: Draft Performance Standards for the Murine
Local Lymph Node Assay: Request for Comments September 12, 2007 4
73 FR 1360: Announcement of an Independent Scientific
Peer Review Panel Meeting on the Murine Local Lymph
Node Assay; Availability of Draft Background Review January 8, 2008 7
Documents; Request for Comments
Independent Scientific Peer Review Panel Meeting Assessing
the Allergic Contact Dermatitis Potential of Chemicals and
Products: Validation Status of New Versions and March 4-6, 2008 16
Applications of the Murine Local Lymph Node Assay
73 FR 25754: Meeting of the Scientific Advisory Committee Mav 7. 2008 |
on Alternative Toxicological Methods (SACATM) Y7
continued

12 Available at http://ntp-apps.niehs.nih.gov/iccvampb/searchPubCom.cfm



http://ntp-apps.niehs.nih.gov/iccvampb/searchPubCom.cfm

Table 4-1

Opportunities for Public Comment (continued)

Opportunities for Public Comments

Date

Number of Public
Comments
Received

73 FR 29136: Peer Review Panel Report on the Validation
Status of New Versions and Applications of the Murine
Local Lymph Node Assay (LLNA): A Test Method for
Assessing the Allergic Contact Dermatitis Potential of
Chemicals and Products: Notice of Availability and Request
for Public Comments

May 20, 2008

SACATM Meeting, Radisson Hotel, RTP, NC

June 18-19, 2008

74 FR 8974: Announcement of a Second Meeting of the
Independent Scientific Peer Review Panel on the Murine
Local Lymph Node Assay; Availability of Draft Background
Review Documents (BRD); Request for Comments

February 27, 2009

Independent Scientific Peer Review Panel Meeting Assessing
the Allergic Contact Dermatitis Potential of Chemicals and
Products: Evaluation of the Updated Validation Status of
New Versions and Applications of the Murine Local Lymph
Node Assay

April 28-29, 2009

74 FR 19562: Meeting of the Scientific Advisory Committee
on Alternative Toxicological Methods (SACATM)

April 29, 2009

74 FR 26242: Independent Scientific Peer Review Panel
Report: Updated Validation Status of New Versions and
Applications of the Murine Local Lymph Node Assay: A
Test Method for Assessing the Allergic Contact Dermatitis
Potential of Chemicals and Products: Notice of Availability
and Request for Public Comments

June 1, 2009

SACATM Meeting, Hilton Arlington Hotel, Arlington, VA

June 25-26, 2009

0

4.2.1

Public Comments in Response to 72 FR 27815 (May 17, 2007): The Murine

Local Lymph Node Assay: Request for Comments, Nominations of Scientific

Experts, and Submission of Data
NICEATM requested the following:

1. Public comments on the appropriateness and relative priority of evaluation of the

validation status of

a. The LLNA as a stand-alone assay for determining potency (including severity)

for the purpose of hazard classification

b. The reduced LLNA approach (Kimber et al. 2006; ESAC 2007; ICCVAM

2009b)
c. Nonradioactive LLNA methods

d. The use of the LLNA for testing mixtures, aqueous solutions, and metals

e. The current applicability domain

2. Nominations of expert scientists to consider as members of a possible peer review

panel

3. Submission of data for the LLNA and/or modified versions of the LLNA

In response to this FR notice, NICEATM received 17 comments. Six comments included
additional data and information, while two others offered data and information upon request.




Three commenters nominated four potential panelists for consideration. Three commenters
suggested reference publications for consideration during the Panel evaluation. The nominees
were included in the database of experts from which the Panel was selected. The data and
suggested references were included in the draft ICCVAM review documents that were provided
to the Panel at the March 2008 meeting.

1. A commenter suggested rearranging the priority sequence of test method evaluation
from most to least pressing: a, e, d, b, and ¢ (see list above).

e ICCVAM did not establish a relative priority for these activities because they were
all considered to be high-priority activities. Accordingly, all LLNA-related activities
described above were discussed at the March 2008 Panel meeting.

One comment pertained to the LLNA: BrdU-ELISA.

1. One commenter indicated that several nonradioactive detection methods for the
LLNA (e.g., BrdU incorporation, methods measuring the release of various
cytokines, methods using fluorescent markers, and quantification by flow cytometry)
have been developed and shown to be as sensitive as protocols involving
radiolabeling. The commenter indicated that since both ECVAM and JaCVAM were
reviewing some of these types of nonradioactive methods that [CCVAM should
collaborate with these ongoing efforts rather than initiate a comprehensive
independent review.

e In 2007, the CPSC requested that ICCVAM evaluate several modifications of the
LLNA, which included the LLNA: BrdU-ELISA. After considering comments from
the public and the SACATM, ICCVAM assigned the activity a high priority.
Scientists from ECVAM and JaCVAM served as liaisons to the IWG during the
evaluation of the LLNA: BrdU-ELISA and actively participated in the review. Both
liaisons nominated scientists to the peer review panel and the JaCVAM liaison
provided much of the validation data for the review.

4.2.2 Public Comments in Response to 72 FR 52130 (September 12, 2007): Draft
Performance Standards for the Murine Local Lymph Node Assay: Request
for Comments

NICEATM requested public comments on the September 2007 draft ICCV AM-recommended
LLNA performance standards developed to facilitate evaluation of modified LLNA test method
protocols with regard to the traditional LLNA. In response to this FR notice, NICEATM received
four comments, two of which suggested clarifications to the text. Another comment
recommended that test substances chosen for testing in the various LLNA methods should be
pure, with conclusive structures, and should not be mixtures. Most comments specifically
addressed the LLNA performance standards, although one comment pertained to the LLNA in
general.

1. One commenter supported the development of performance standards that expedite
the validation of new protocols similar to previously validated methods but was
disappointed that NICEATM-ICCVAM had chosen to develop performance
standards for such a narrow scope of applicability (i.e., modifications of the standard
LLNA that involve incorporation of nonradioactive methods of detecting lymphocyte
proliferation). The commenter suggested that limited resources available to
NICEATM-ICCVAM would be better spent on activities that would have greater
impact on the reduction, refinement, or replacement of animal use, such as evaluating
the use of human cell lines or in vitro skin models as a replacement for the LLNA.



e [ICCVAM considered the comment and concluded that the proposed modifications to
the LLNA test method protocol and expanded applications have the potential to
further reduce and refine animal use. ICCVAM is committed to identifying in vitro
models and non-animal approaches for assessing ACD and is engaged with ECVAM
and JaCVAM in the development of validation studies for such methods.

There were no comments that specifically addressed the LLNA: BrdU-ELISA.

4.2.3 Public Comments in Response to 73 FR 1360 (January 8, 2008):
Announcement of an Independent Scientific Peer Review Panel Meeting on
the Murine Local Lymph Node Assay; Availability of Draft Background
Review Documents; Request for Comments

NICEATM requested public comments on the January 2008 draft BRDs, draft [CCVAM test
recommendations, draft test method protocols, and updated draft LLNA performance standards
for an international independent scientific peer review panel meeting to evaluate modifications
and new applications for the LLNA. NICEATM received 23 comments in response to this FR
notice; seven written comments were received in advance of the meeting, and 16 oral comments
were offered at the Panel meeting.

Two written comments were relevant to the LLNA: BrdU-ELISA.

1. One commenter noted that the LLNA: BrdU-ELISA was recommended for use by
ICCVAM pending receipt of additional information, which the commenter supported,
and using alternative decision criteria. The commenter further noted that ICCVAM
qualified their acceptance and recommended a weight-of-evidence approach. The
commenter indicated that while it is usually good scientific practice to evaluate any
test method results in a weight-of-evidence manner, qualifications such as these
challenged the recommendations and gave incentive to conduct more testing, when in
reality the method evaluated had acceptable performance and should simply be
recommended.

e The January 2008 draft ICCVAM recommendations for the LLNA: BrdU-ELISA
indicated that the test method may be useful for identifying substances as potential
skin sensitizers and nonsensitizers but recommended that more data and information
were needed before final recommendations could be made. The January 2008 draft
ICCVAM recommendations did not recommend using a weight-of-evidence
approach to hazard classification.

2. Another commenter agreed with the January 2008 draft ICCVAM recommendation
that more information and data were needed for the LLNA: BrdU-ELISA in order to
conduct a meaningful assessment of the procedure’s performance relative to the
traditional LLNA. The commenter further agreed with the ICCVAM
recommendation that it was important to have information regarding the
interlaboratory performance of the assay. The commenter also had a suggestion
regarding Table 6-2 of the January 2008 draft BRD. Since an alternative SI cutoff for
the LLNA: BrdU-ELISA was identified (i.e., SI > 1.3) a comparison of
LLNA: BrdU-ELISA ECI1.3 values to traditional LLNA EC3 values would be
helpful.

e A comparison of data for the alternative SI values is included in the final ICCVAM
BRD (see Appendix C).

Two oral comments were relevant to the LLNA: BrdU-ELISA.



1. One commenter agreed with ICCVAM that the LLNA: BrdU-ELISA and the LLNA:
DA should be evaluated separately from one another because they have different
treatment schedules. The tests have very little similarity, other than using CBA mice
and measuring lymphocyte proliferation.

2. Another commenter explained that the rationale for selection of the CBA/JN strain of
mice for the LLNA: BrdU-ELISA was that the sensitivity of the strain to p[J
benzoquinone was greater than that of the other two strains tested (i.e., BALB/cAnN
and CD-1).

4.2.4 Public Comments in Response to 73 FR 25754 (May 7, 2008): Meeting of the
Scientific Advisory Committee on Alternative Toxicological Methods
(SACATM)

NICEATM announced the SACATM meeting and requested written and public oral comments on
the agenda topics. One public comment was received in response to this FR notice. The
commenter made a general comment that the members of SACATM do not represent a cross-
section of the American public.

e The SACATM charter indicates that the Committee shall consist of 15 members,
including the Chair. Voting members shall be appointed by the Director, National
Institute of Environmental Health Sciences (NIEHS), and include representatives
from an academic institution, a State government agency, an international regulatory
body, or any corporation developing or marketing new or revised or alternative test
methodologies, including contract laboratories. Knowledgeable representatives from
public health, environmental communities, or organizations using new or alternative
test methodologies may be included as appropriate. There shall be at least one
knowledgeable representative having a history of expertise, development, or
evaluation of new or revised or alternative test methods from each of the following
categories: (1) personal care, pharmaceutical, industrial chemicals, or agricultural
industry; (2) any other industry that is regulated by one of the Federal agencies on
ICCVAM; and (3) a national animal protection organization established under
section 501(c)(3) of the Internal Revenue Code of 1986. The Director, NIEHS, shall
select the Chair from among the appointed members of SACATM.

4.2.5 Public Comments in Response to 73 FR 29136 (May 20, 2008): Peer Review
Panel Report on the Validation Status of New Versions and Applications of
the Murine Local Lymph Node Assay (LLNA): A Test Method for Assessing
the Allergic Contact Dermatitis Potential of Chemicals and Products: Notice
of Availability and Request for Public Comments

NICEATM requested submission of written public comments on the Independent Scientific Peer
Review Panel Assessment. No public comments were received in response to this FR notice.
4.2.6 Public and SACATM Comments: SACATM Meeting on June 18-19, 2008

The June 18-19, 2008, SACATM meeting included a discussion of the ICCVAM review of the
LLNA test method (see Appendix E3).

There were no public comments specific to the LLNA: BrdU-ELISA.

Regarding the LLNA: BrdU-ELISA, one SACATM member indicated that the LLNA BrdU-
ELISA had potential based on an accuracy of 83% (19/23) but a detailed protocol had not been
provided and it was premature to make judgments.



The January 2008 draft ICCVAM recommendations included a statement that a sufficiently
detailed protocol of the test method, including a defined and adequately justified decision
criterion for distinguishing between sensitizers and nonsensitizers, was required. NICEATM
subsequently obtained the detailed protocol, which was included in the revised draft BRD that
was evaluated by the Panel in April 2009.

4.2.7 Public Comments in Response to 74 FR 8974 (February 27, 2009):
Announcement of a Second Meeting of the Independent Scientific Peer
Review Panel on the Murine Local Lymph Node Assay; Availability of Draft
Background Review Documents (BRD); Request for Comments

NICEATM requested public comments on the revised draft BRDs, revised draft ICCVAM test
recommendations, revised draft test method protocols, and revised draft LLNA performance
standards for the second international independent scientific peer review panel meeting to
evaluate modifications and new applications for the LLNA. NICEATM received three comments
in response to this FR notice: one written comment, and two oral comments offered at the Panel
meeting.

1. There was a general comment expressing concern that the extensive time and
resources that ICCVAM has devoted to this evaluation has detracted from focus on
promising in vitro methods with potential to have a much greater impact on animal
use.

e JCCVAM considers that the evaluations conducted to date have significant potential
to further reduce and refine animal use, particularly where the use of the LLNA is
precluded due to restrictions associated with the use of radioactivity. ICCVAM is
also committed to identifying in vitro models and non-animal approaches for
assessing ACD and is engaged with ECVAM and JaCVAM in the development of
validation studies for such methods.

The commenter further made one written comment relevant to the LLNA: BrdU-ELISA.

1. The commenter supported the revised draft ICCVAM recommendation that the
LLNA: BrdU-ELISA can be used for ACD testing with specific defined limitations
in the decision criteria. That is, that substances falling within the intermediate SI
would be subjected to an integrated decision strategy in conjunction with all other
available information (e.g., dose response information, statistical analyses of treated
vs. control animals, peptide reactivity, molecular weight, results from related
chemicals, other testing data). While the commenter offered general support for this
use, they emphasized that it should be made clear that “other testing data” refers to
retrospective analyses rather than initiation of additional tests in animals.

e ICCVAM agrees that additional animal tests should be avoided whenever possible.
The intermediate SI range was discarded because it was irrelevant for ICCVAM’s
final recommendation to use a single decision criterion, SI > 1.6, to classify
sensitizers. However, ICCVAM recommends that borderline positive results (i.e., SI
values between 1.6 and 1.9) should be evaluated with other available information
(e.g., dose-response information, evidence of systemic toxicity or excessive local
irritation, statistical comparison of treated vs. vehicle control groups [where
appropriate], peptide reactivity, molecular weight, results from related substances,
other testing data) to confirm that such results are positive.



The commenter further noted that the Panel recommended that the LLNA: BrdU-
ELISA and the two other nonradioactive methods should be evaluated for their
ability to assess mixtures, metals, and aqueous solutions concurrently with the
assessment of these substances in the traditional LLNA. The commenter viewed that
since the only difference between these methods and the traditional LLNA is the
method of detection, it is unlikely that there will be any differences in the
applicability of these methods and the traditional LLNA with regard to mixtures,
metals and aqueous solutions. Therefore, it would be highly inappropriate to perform
these redundant studies, especially since there are no available data for comparison.

As outlined in the test method recommendations, ICCVAM considers the
applicability domain for the nonradioactive LLNA methods to be the same as the
traditional LLNA unless there are properties associated with a class of materials that
may interfere with the accuracy of the LLNA: BrdU-ELISA.

One oral comment was relevant to the LLNA: BrdU-ELISA.

1.

One commenter stated that the nonradiolabeled LLNA methods should not be held to
a higher standard than the traditional LLNA.

ICCVAM evaluated the LLNA: BrdU-ELISA test method based on the applicable
criteria for validation and acceptance of toxicological test methods in the ICCVAM
submission guidelines (ICCVAM 2003). ICCVAM is committed to ensuring that new
methods are equivalent to or better than the currently accepted toxicological test
methods in order to protect public health.

4.2.8 Public Comments in Response to 74 FR 19562 (April 29, 2009): Meeting of
the Scientific Advisory Committee on Alternative Toxicological Methods
(SACATM)

NICEATM announced the SACATM meeting and requested written and public oral comment on
the agenda topics. No public comments were received in response to this FR notice.

4.2.9 Public Comments in Response to 74 FR 26242 (June 1, 2009): Independent
Scientific Peer Review Panel Report: Updated Validation Status of New
Versions and Applications of the Murine Local Lymph Node Assay: A Test
Method for Assessing the Allergic Contact Dermatitis Potential of Chemicals
and Products: Notice of Availability and Request for Public Comments

NICEATM requested submission of written public comments on the Independent Scientific Peer
Review Panel Assessment. One comment was received in response to this FR notice.

The commenter made one comment relevant to the LLNA: BrdU-ELISA.

L.

The commenter did not consider the nonradioactive LLNA methods to provide
significant advantages to the traditional LLNA.

The ICCVAM recommendations for the nonradioactive test methods state that the
proposed nonradioactive modifications to the LLNA test method protocol have
significant potential to further reduce and refine animal use, given that they will
likely increase the use of the LLNA instead of GP test methods where radioactivity is
prohibited.

The commenter also indicated that the number of animals used in the LLNA: BrdU-ELISA was
eight animals per dose group and for ethical reasons the LLNA: BrdU-ELISA might be avoided.



e The commenter misunderstood the number of animals required by the LLNA: BrdU-
ELISA. The ICCVAM-recommended protocol for the LLNA: BrdU-ELISA indicates
that four animals per dose group are recommended.

The commenter further indicated that the justification for replacing the GP is not provided for the
LLNA: BrdU-ELISA and that it should be mentioned.

e Asindicated in Section 10.0 of the final ICCVAM BRD (Appendix C), the LLNA:
BrdU-ELISA evaluates only the induction phase of skin sensitization and therefore
discomfort to animals associated with the elicitation phase is eliminated.
Additionally, the LLNA: BrdU-ELISA test method protocol requires fewer mice per
treatment group (a minimum of four animals per group) than either of the GP tests
(10-20 animals/group for the Buehler test and 5-10 animals/group for GPMT).

4.2.10 Public and SACATM Comments: SACATM Meeting on June 25-26, 2009

The June 25-26, 2009, SACATM meeting included a discussion of the ICCVAM review of the
LLNA test method (see Appendix E4).

There were no public comments specific to the LLNA: BrdU-ELISA.

In general, SACATM was supportive of the Panel report. However, there was general concern
regarding the potential for overlabeling substances that may occur by using LLNA test results.
They emphasized the need for developing non-animal test methods for identifying potential skin
sensitizers.

One SACATM member commented that many laboratories had moved away from using the
LLNA because it used radioactivity. Therefore, the option of LLNA test method protocols that do
not use radioactivity would likely increase use of the LLNA.

Regarding the LLNA: BrdU-ELISA, another SACATM member indicated that the use of two SI
decision criteria in the LLNA: BrdU-ELISA (i.e., one for determining sensitizers and one for
determining nonsensitizers) could potentially place many compounds in the range of uncertainty
(i.e., the range in which maximum SI results were between the SI decision criteria for sensitizers
and nonsensitizers), so the decision criteria should be reassessed as more data are obtained.

o The final ICCVAM recommendations state that a single decision criterion of SI> 1.6
be used to classify substances as potential sensitizers since there were no false
negatives in the current validation database, relative to the traditional LLNA, when
this criterion is used. However, using an SI > 1.6 as the decision criterion results in a
false positive rate of 18% (2/11) compared to the traditional LLNA. Since the two
false positive substances in the LLNA: BrdU-ELISA produced SI values between 1.6
and 1.9, users may want to consider additional information (e.g., dose-response
information, evidence of systemic toxicity and/or excessive local skin irritation,
statistical comparison of treated vs. vehicle control groups [where appropriate],
peptide reactivity, molecular weight, results from related substances, or other testing
data) to confirm that such results in the SI range are positive.
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January 10, 2007

January 2007

January 24, 2007

May 17, 2007

June 12, 2007

September 25-26, 2007

January 8, 2008

March 4-6, 2008

May 20, 2008

June 18-19, 2008
February 27, 2009

Appendix A — Timeline

ICCVAM receives nomination from CPSC for seven LLNA review
activities', including evaluation of the LLNA: BrdU-ELISA.

The ICCVAM IWG is re-established to work with NICEATM to carry
out LLNA evaluations.

ICCVAM endorses the six CPSC-nominated LLNA review activities and
development of ICCVAM LLNA Test Method Performance Standards.

Federal Register notice (72 FR 27815) — The Murine Local Lymph Node
Assay: Request for Comments, Nominations of Scientific Experts, and

Submission of Data.

SACATM endorses with high priority the six CPSC-nominated LLNA
review activities and development of ICCVAM LLNA Test Method

Performance Standards.

ICCVAM participation in ECVAM Workshop: An Evaluation of
Performance Standards and Nonradioactive Endpoints for the Local
Lymph Node Assay.

Federal Register notice (73 FR 1360) — Announcement of an
Independent Scientific Peer Review Panel Meeting on the Murine Local
Lymph Node Assay,; Availability of Draft Background Review
Documents; Request for Comments.

Independent Peer Review Panel Meeting on seven LLNA review
activities, CPSC Headquarters, Bethesda, MD; public meeting with
opportunity for oral public comments.”

Federal Register notice (73 FR 29136) — Announcement of the Peer
Review Panel Report on the Validation Status of New Versions and
Applications of the Murine Local Lymph Node Assay (LLNA): A Test
Method for Assessing the Allergic Contact Dermatitis Potential of
Chemicals and Products: Notice of Availability and Request for Public

Comments.
SACATM public meeting for comments on the 2008 Panel report.

Federal Register notice (74 FR 8974) — Announcement of a Second
Meeting of the Independent Scientific Peer Review Panel on the Murine
Local Lymph Node Assay; Availability of Draft Background Review
Documents (BRD); Request for Comments.

' http://iccvam.niehs.nih.gov/methods/immunotox/llnadocs/CPSC_LLNA_nom.pdf
2 http://iccvam.niehs.nih.gov/methods/immunotox/llna_PeerPanel08.htm
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April 28-29, 2009

June 1, 2009

June 25-26, 2009

October 20-22, 2009

December 1, 2009

March 23-25, 2010

March 2010

2010 (published within
two weeks after
transmittal)

Independent Peer Review Panel Meeting on LLNA review activities,
NIH, Bethesda, MD; public meeting with opportunity for oral public

comments.’

Federal Register notice (74 FR 26242) — Independent Scientific Peer
Review Panel Report: Updated Validation Status of New Versions and
Applications of the Murine Local Lymph Node Assay: A Test Method
for Assessing the Allergic Contact Dermatitis Potential of Chemicals
and Products: Notice of Availability and Request for Public Comments.

SACATM public meeting for comments on the 2009 Panel report.

OECD Expert Consultation Meeting, CPSC Headquarters, Bethesda,
MD, on proposed updates to TG 429 and two new TG proposals for
nonradioactive LLNA test methods (includes the LLNA: BrdU-ELISA).

OECD Expert Consultation Teleconference to discuss remaining issues
on proposed updates to TG 429 and two new TG proposals for
nonradioactive LLNA test methods, which includes the LLNA: BrdU-
ELISA.

Meeting of the Working Group of National Co-ordinators of the Test
Guidelines Programme to approve adoption of proposed updates to TG
429 and two new TG proposals for nonradioactive LLNA test methods,
which includes the LLNA: BrdU-ELISA.

ICCVAM endorses the TMER for the LLNA: BrdU-ELISA, which

includes the final background review document.

Federal Register notice: Announces availability of ICCVAM TMER
for the LLNA: BrdU-ELISA.

Abbreviations: BRD = background review document; CPSC = U.S. Consumer Product Safety Commission;
ECVAM = European Centre for the Validation of Alternative Methods; ICCVAM = Interagency
Coordinating Committee on the Validation of Alternative Methods; IWG = ICCVAM Immunotoxicity
Working Group; LLNA = murine local lymph node assay; LLNA: BrdU-ELISA = murine local lymph node
assay based on bromodeoxyuridine detection by enzyme-linked immunosorbent assay; NICEATM = National
Toxicology Program Interagency Center for the Evaluation of Alternative Toxicological Methods;

NIH = National Institutes of Health; OECD = Organisation for Economic Co-operation and Development;
SACATM = Scientific Advisory Committee on Alternative Toxicological Methods; TG = Test Guideline;
TMER = test method evaluation report.

3 http://iccvam.niehs.nih.gov/methods/immunotox/llna.htm
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Appendix B

ICCVAM-Recommended Test Method Protocol:
The Murine Local Lymph Node Assay: 2-Bromodeoxyuridine-ELISA Test Method
(LLNA: BrdU-ELISA), a Nonradioactive Alternative Test Method for Assessing the
Allergic Contact Dermatitis Potential of Chemicals and Products

Annex |

An Approach to Dissection and Identification of the Draining (“Auricular”) Lymph
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Evaluating Local Irritation and Systemic Toxicity in the LLNA: BrdU-ELISA.................... B-17
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Appendix B — ICCVAM-Recommended Protocol

1.0  General Principle of Detection of Skin Sensitization Using the
Nonradiolabelled Murine Local Lymph Node Assay: 2-
Bromodeoxyuridine-ELISA Test Method (LLNA: BrdU-ELISA)

The basic principle underlying the murine local lymph node assay (LLNA) is that sensitizers induce
proliferation of lymphocytes in the lymph nodes draining the site of substance application. Under
appropriate test conditions, this proliferation is proportional to the dose applied, and provides a means
of obtaining an objective, quantitative measurement of sensitization. The test measures cell
proliferation as a function of in vivo radioisotope ("H-methyl thymidine or '*I-iododeoxyuridine)
incorporation into the DNA of dividing lymphocytes, and assesses this proliferation in the draining
lymph nodes proximal to the application site (see Annex I). Due to the use of radioactivity, the
LLNA has limited use in regions where the acquisition, use, or disposal of radioactivity is
problematic. The LLNA: BrdU-ELISA was therefore developed as a nonradioactive modification to
the LLNA (Takeyoshi 2001), which uses nonradiolabelled 5-bromo-2-deoxyuridine (BrdU)
(Chemical Abstracts Service Registry Number [CASRN] 59-14-3) with detection by an enzyme-
linked immunosorbent assay (ELISA) to assess lymphocyte proliferation. The ability to detect skin
sensitizers without the necessity of using a radioactive label for DNA eliminates the potential for
occupational exposure to radioactivity and waste disposal issues. Similar to the LLNA, the

LLNA: BrdU-ELISA studies the induction phase of skin sensitization and provides quantitative data
suitable for dose-response assessment. Lymphocyte proliferation in test groups is compared to that in
the concurrent vehicle-treated control group. The proliferation is proportional to the dose and to the
potency of the applied allergen and provides a simple means of obtaining a quantitative measurement
of sensitization. The LLNA: BrdU-ELISA assesses this proliferation as the proliferation in test groups
compared to that in vehicle treated controls. The ratio of the proliferation in treated groups to that in
concurrent vehicle treated controls, termed the stimulation index (SI), is determined, and should be
>1.6 before a test substance can be considered as a skin sensitizer, with specific limitations for
borderline positive results (i.e., SI between 1.6 and 1.9) as described in Section 3 of this Test Method
Evaluation Report.

The methods, described here are based on the use of measuring BrdU content to indicate an increased
number of proliferating cells in the draining auricular lymph nodes. BrdU is an analog of thymidine
and is similarly incorporated into the DNA of proliferating cells. The incorporation of BrdU is
measured by ELISA, which utilizes an antibody specific for BrdU that is also labeled with
peroxidase. When the substrate is added, the peroxidase reacts with the substrate to produce a colored
product that is quantified at a specific absorbance using a microtiter plate reader. A concurrent
positive control is added to each assay to provide an indication of appropriate assay performance.

2.0 Description of the LLNA: BrdU-ELISA

2.1 Sex and strain of animals

The mouse is the species of choice for the LLNA: BrdU-ELISA assay. Validation studies were
conducted exclusively with the CBA/JIN strain, but other CBA substrains can be used. Young adult
female mice (nulliparous and non-pregnant) are used because most data in the existing database were
generated using mice of this gender.' At the start of the study, mice should be 8-12 weeks of age. All

"Male mice may be used if it is sufficiently demonstrated that these animals perform as well as female CBA
mice in the LLNA: BrdU-ELISA.
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mice should be age matched (preferably within a one-week time frame). Weight variations between
the mice should not exceed 20% of the mean weight.

2.2  Preparation of animals

The temperature of the experimental animal room should be 22°C (£3°C) and the relative humidity
30%-70% (although the aim is for 50%-60%). Lighting should be artificial, the sequence being 12
hours light, 12 hours dark. For feeding, an unlimited supply of standard laboratory mouse diets and
drinking water should be used. The mice should be quarantined/acclimatized for at least five days
prior to the start of the test (ILAR 1996). Mice should be allocated to small groups by a stratified
randomization or other appropriate methods before the start of the study unless adequate scientific
rationale for housing mice individually is provided (ILAR 1996). Four animals per cage is the
recommended housing arrangement. The mice are uniquely identified prior to being placed in the
study. The method used to mark the mice should not involve identification via the ear (e.g., marking,
clipping, or punching of the ear). Colored marks on the tail or other appropriate methods should be
used. All mice should be examined (e.g., clinical signs, body weights, observation of excrement) prior
to the initiation of the test to ensure good health and the absence of skin lesions.

2.3  Preparation of doses

Solid test substances should be dissolved or suspended in appropriate solvents/vehicles and diluted, if
appropriate, prior to dosing of the mice. Liquid test substances may be dosed directly (i.e., applied
neat) or diluted prior to dosing. Insoluble materials, such as those generally seen in medical devices,
should be subjected to an exaggerated extraction in an appropriate solvent to extract all extractable
constituents for testing prior to dosing. Fresh preparations of the test substance should be prepared
daily unless stability data demonstrate the acceptability of storage.

2.4 Test conditions

2.4.1 Solvent/vehicle

The solvent/vehicle should not interfere with or bias the test result and should be selected on the basis
of maximizing the solubility in order to obtain the highest concentration achievable while producing a
solution/suspension suitable for application of the test substance. Recommended vehicles are acetone:
olive oil (4:1 v/v) (AOO), N,N-dimethylformamide (DMF), methyl ethyl ketone (MEK), propylene
glycol, and dimethyl sulfoxide (DMSO) (Van Och et al. 2000; Kimber et al. 1994), but others may be
used if sufficient scientific rationale is provided (Kimber and Basketter 1992). Particular care should
be taken to ensure that hydrophilic materials are incorporated into a vehicle system that incorporates
appropriate solubilizers (e.g., 1% Pluronic® L92) that wet the skin and does not immediately run off.
Thus, wholly aqueous vehicles may need to be avoided. In certain situations, it may be necessary for
regulatory purposes to test the substance in the clinically relevant solvent or product formulation.

2.4.2 Controls

Concurrent negative (solvent/vehicle) and positive controls should be included in each test to ensure
that the test system is functioning properly and that the specific test is valid. In some circumstances
(e.g., when using a solvent/vehicle not recommended in Section 2.4.1), it may be useful to include a
naive control. Except for treatment with the test substance, the mice in the negative control groups
should be handled in an identical manner to the mice of the treatment groups.

Positive controls are used to demonstrate appropriate performance of the assay by responding with
adequate and reproducible sensitivity to a sensitizing substance for which the magnitude of the
response is well characterized. Inclusion of a concurrent positive control is recommended because it
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demonstrates competency of the laboratory to successfully conduct each assay and allows for an
assessment of intra- and interlaboratory reproducibility and comparability. The positive control
should produce a positive LLNA: BrdU-ELISA response at an exposure level expected to give an
increase in the SI > 1.6 over the negative control group. The positive control dose should be chosen
such that the induction is reproducible but it does not cause excessive skin irritation or systemic
toxicity. Preferred positive control substances are 50% hexyl cinnamic aldehyde (HCA; CASRN 101-
86-0) and 50% eugenol (CASRN 97-53-0) in AOO. There may be circumstances in which, given
adequate justification, other positive control substances meeting the above criteria may be used.

Although the positive control substance should be tested in the vehicle that is known to elicit a
consistent response (e.g., AOQO), there may be certain regulatory situations in which testing in a non-
standard vehicle (clinically/chemically relevant formulation) will also be necessary. In such
situations, the possible interaction of a positive control with this unconventional vehicle should be
tested. If the concurrent positive control substance is tested in a different vehicle than the test
substance, then a separate vehicle control for the concurrent positive control should be included.

While inclusion of a concurrent positive control group is recommended, there may be situations in
which periodic testing (i.e., at intervals <6 months) of the positive control substance may be adequate
for laboratories that conduct the LLNA: BrdU-ELISA regularly (i.e., conduct the LLNA: BrdU-
ELISA at a frequency of no less than once per month) and have an established historical positive
control database that demonstrates the laboratory’s ability to obtain reproducible and accurate results
with positive controls. Adequate proficiency with the LLNA: BrdU-ELISA can be successfully
demonstrated by generating consistent results with the positive control in at least 10 independent tests
conducted within a reasonable period of time (i.e., less than one year).

A concurrent positive control group should always be included when there is a procedural change to
the LLNA: BrdU-ELISA (i.e., change in trained personnel, change in test method materials and/or
reagents, change in test method equipment, change in source of test animals), and such changes
should be documented in laboratory reports. Consideration should be given to the impact of these
changes on the adequacy of the previously established historical database in determining the necessity
for establishing a new historical database to document consistency in the positive control results.

Investigators should be aware that the decision to conduct a positive control on a periodic basis
instead of concurrently has ramifications on the adequacy and acceptability of negative study results
generated without a concurrent positive control during the interval between each periodic positive
control study. For example, if a false negative result is obtained in the periodic positive control study,
all negative test substance results obtained in the interval between the last acceptable periodic positive
control study and the unacceptable periodic positive control study may be questioned. Implications of
these outcomes should be carefully considered when determining whether to include concurrent
positive controls or to only conduct periodic positive controls. Consideration should also be given to
using fewer animals in the concurrent positive control group when this is scientifically justified and if
the laboratory demonstrates, based on laboratory-specific historical data, that fewer mice can be used
without substantially increasing the failure rate of the positive control (i.e., the rate at which SI < 1.6
and the frequency with which studies will need to be repeated due to positive control failure
[Appendix A of ICCVAM 2009a]).

In instances where substances of a specific chemical class or range of responses are being evaluated,
benchmark substances may be useful to demonstrate that the test method is functioning properly for
detecting the skin sensitization potential of a test substance. Appropriate benchmark substances
should have the following properties:

e Structural and functional similarity to the class of the substance being tested
e Known physical/chemical characteristics
e Supporting data from the LLNA: BrdU-ELISA
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e Supporting data on known effects in animal models and/or from humans

2.5 Methodology

A minimum of four animals is used per dose group, with a minimum of three concentrations of the
test substance, plus a concurrent negative control group treated only with the vehicle for the test
substance, and a concurrent positive control. The processing of lymph nodes from individual mice
allows for the assessment of interanimal variability and a statistical comparison of the difference
between test substance and vehicle control group measurements. In addition, evaluating the
possibility of reducing the number of mice in the positive control group is only feasible when
individual animal data are collected.

Test substance treatment dose levels should be based on the recommendations given in Kimber and
Basketter (1992) and in the ICCVAM Panel Report (ICCVAM 1999). Consecutive doses are
normally selected from an appropriate concentration series such as 100%, 50%, 25%, 10%, 5%, 2.5%,
1%, 0.5%, etc. Adequate scientific rationale should accompany the selection of the concentration
series used. All existing toxicological information (e.g., acute toxicity and dermal irritation) and
structural and physicochemical information on the test material of interest (and/or structurally related
test materials) should be considered, where available, in selecting the three consecutive
concentrations so that the highest concentration maximizes exposure while avoiding systemic toxicity
and/or excessive local skin irritation (Kimber et al. 1994; OECD 2002). In the absence of such
information, an initial prescreen test may be necessary (Annex I1).

The LLNA: BrdU-ELISA experimental procedure is performed as follows:

Day 1. Individually identify and record the weight of each animal and any clinical
observations. Apply 25 uL of the appropriate dilution of the test substance, the vehicle alone,
or the concurrent positive control to the dorsum of each ear.

Days 2 and 3. Repeat the application procedure as carried out on Day 1.
Day 4. No treatment.

Day 5. Inject 0.5 mL (5 mg/mouse) of 10 mg/mL BrdU in physiological saline
intraperitoneally.

Day 6. Record the weight of each animal and any clinical observations. Approximately 24
hours (24 h) after BrdU injection, humanely kill the animals. To further monitor the local skin
response in the experimental study, additional parameters such as scoring of ear erythema or
ear thickness measurements (obtained either by using a thickness gauge, or ear punch weight
determinations at necropsy) may be included in the study protocol.

Excise both bilateral draining auricular lymph nodes from each mouse ear (see diagram and
description of dissection in Annex I) and store in a 1.5 mL centrifuge tube at -20°C until
BrdU is measured by ELISA.

For BrdU measurement, a single-cell suspension of lymph node cells (LNC) from each
mouse is prepared by adding a small volume of physiological saline (approximately 0.3 mL)
to the excised lymph nodes, crushing the lymph nodes with a disposable plastic pestle, and
passing through a #70 nylon mesh or another acceptable technique for mechanical
disaggregation (e.g., passing through 200 micron-mesh stainless steel gauze) to generate a
single-cell suspension. The procedure for preparing the LNC suspension is a critical step of
this assay; it is most important to crush the lymph node and suspend the LNC completely.
Every technician should establish the skill in advance. The lymph nodes in negative control
animals are small, so careful operation is required to avoid an artificial effect on SI values.
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In each case, the target volume of the LNC suspension should be adjusted to a pre-determined
optimized volume (approximately 15 mL) based on achieving a mean absorbance of the
negative control group within 0.1-0.2. Because this absorbance depends on the assay
apparatus and the target volume of cell suspension, every laboratory should decide their own
optimal volume of LNC suspension in advance.

The incorporation of BrdU into lymph node cells should be determined using a commercial
cell proliferation assay kit (Roche Diagnostics GmbH, Roche Applied Science, 68298
Mannheim, Germany; Cat. No. 11 647 229 001) after they are crushed and suspended in
physiological saline. The absorbance is defined as the BrdU labeling index. Follow the
instructions in the assay kit. Briefly, 100 uL of the LNC suspension is added to the wells of a
flat-bottom microplate in triplicate. After fixation and denaturation of the LNC, anti-BrdU
antibody is added to each well and allowed to react. Subsequently the anti-BrdU antibody is
removed by washing and the substrate solution is then added and allowed to produce
chromogen. Absorbance at 370 nm with a reference wavelength of 492 nm is then measured.

2.6 Reduced LLNA

Using this test method protocol, there is also the opportunity to perform a reduced

LLNA: BrdU-ELISA (rLLNA: BrdU-ELISA). Use of the rLLNA: BrdU-ELISA has the potential to
reduce the number of animals by omitting the middle and low dose groups from the

LLNA: BrdU-ELISA (Kimber et al. 2006; ESAC 2007; ICCVAM 2009b). This is the only difference
between the LLNA: BrdU-ELISA and the rLLNA: BrdU-ELISA. Thus, the test substance
concentration evaluated in the rTLLNA: BrdU-ELISA should be the maximum concentration that does
not induce overt systemic toxicity and/or excessive local skin irritation in the mouse (Annex I1). The
rLLNA: BrdU-ELISA should be used for the hazard classification of skin sensitizing substances if
dose-response information is not needed, provided there is adherence to all other

LLNA: BrdU-ELISA protocol specifications.

2.7 Observations

Mice should be carefully observed at least once daily for any clinical signs, either of local irritation at
the application site or of systemic toxicity (Annex Il). Weighing mice prior to treatment and at the
time of necropsy will aid in assessing systemic toxicity. All observations are systematically recorded
with records maintained for each individual mouse. Animal monitoring plans should include criteria
to promptly identify those mice exhibiting systemic toxicity or excessive irritation, or corrosion of
skin for euthanasia (OECD 2000).

3.0 Calculation of Results

Results for each treatment group are expressed as the mean SI. The Sl is derived by dividing the mean
BrdU labeling index/mouse within each test substance group and the concurrent positive control
group by the mean BrdU labeling index for the solvent/vehicle control group. The average SI value
for vehicle treated controls is then equal to one.

The BrdU labeling index is defined as:
BrdU labeling index = (ABS.,— ABS blank.,) — (ABS..s— ABS blank.)
where ABS = absorbance, em = emission wavelength and ref = reference wavelength.

The decision process regards a result as positive when ST > 1.6 (see Section 3 of this Test Method
Evaluation Report). However, the strength of the dose response, chemical toxicity, solubility, and,
where appropriate, statistical significance should be considered together with SI values to arrive at a
final decision (Basketter et al. 1996; ICCVAM 1999; EPA 1998; Kimber et al. 1998).

B-7



ICCVAM LLNA: BrdU-ELISA Evaluation Report

Collecting data at the level of the individual mouse will enable a statistical analysis for presence and
degree of dose response in the data. Any statistical assessment could include an evaluation of the
dose-response relationship as well as suitably adjusted comparisons of test groups (e.g., pair-wise
dosed group versus concurrent solvent/vehicle control comparisons). Statistical analyses may include,
for instance, linear regression or Williams’s test to assess dose-response trends, and Dunnett’s test for
pairwise comparisons. In choosing an appropriate method of statistical analysis, the investigator
should maintain an awareness of possible inequalities of variances and other related problems that
may necessitate a data transformation or a nonparametric statistical analysis. In any case, the
investigator may need to carry out SI calculations and statistical analyses with and without certain
data points (sometimes called “outliers”).

4.0 Evaluation and Interpretation of Results

Consideration should be given to the possibility of borderline positive results when SI values between
1.6 and 1.9 are obtained. This is based on the validation database of 43 substances using an SI> 1.6
for which the LLNA: BrdU-ELISA correctly identified all 32 LLNA sensitizers, but incorrectly
identified two of 11 LLNA nonsensitizers with SI values between 1.6 and 1.9 (i.e. borderline positive)
(see Section 3.0 of this Test Method Evaluation Report). If an SI value between 1.6 and 1.9 is
obtained, other available information such as the nature of the dose-response, evidence of systemic
toxicity or excessive local skin irritation, and, where appropriate, statistical significance together with
SI values should be considered to confirm that such borderline positive results are potential skin
sensitizers (see Section 3.0 of this Test Method Evaluation Report). Consideration should also be
given to various properties of the test substance, including whether it has a structural relationship to
known skin sensitizers. These and other considerations are discussed in detail elsewhere (Basketter et
al. 1998).

Employing the optimized assay condition described previously, the mean SI value for the positive
control group (50% HCA) should be equal to or greater than 1.6. If not, data derived from the
experiment should not be used for evaluation.

5.0 Dataand Reporting

5.1 Data

Data should be summarized in tabular form showing the individual animal BrdU labeling index
values, the group mean BrdU labeling index/animal, its associated error term (e.g., standard deviation
[SD], standard error of the mean [SEM]), and the mean SI value for each dose group compared
against the concurrent solvent/vehicle control group.

5.2 Test report
The test report should contain the following information:

Test Substances and Control Substances

o Identification data (e.g., CASRN, if available; source; purity; known impurities; lot
number)

e Physical nature and physicochemical properties (e.g. volatility, stability, solubility,
physicochemical properties relevant to the conduct of the study)

e Composition and relative percentages of components, if formulation

Solvent/Vehicle

e Identification data (CASRN; purity; concentration, where appropriate; volume used)
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Test Conditions
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Justification for choice of vehicle

Source of CBA mice, housing conditions, diet, etc.
Microbiological status of the animals, when known
Number and age of animals

Details of test substance preparation and application

Justification for dose selection (including results from prescreen test, if conducted)
Vehicle and test substance concentrations used, and total amount of substance
applied

Details of food and water quality (including diet type/source, water source)
Details of treatment and sampling schedules

Methods for measurement of toxicity

Criteria for considering studies as positive or negative

Details of any protocol deviations and an explanation on how the deviation affects
the study design and results

Reliability Check

Results

Summary of results of latest reliability check, including information on substance,
concentration and vehicle used

Concurrent and/or historical positive and negative (solvent/vehicle) control data for
testing laboratory

Date and laboratory report for the most recent periodic positive control and a report
detailing the historical positive control data for the laboratory justifying the basis for
not conducting a concurrent positive control, if a concurrent positive control was not
included

Individual weights of mice at start of dosing and at scheduled kill; as well as mean
and associated error term (e.g., SD, SEM) for each treatment group

Time course of onset and signs of toxicity, including dermal irritation at site of
administration, if any, for each animal

Table of individual mouse BrdU labeling indices and SI values for each treatment
group

Mean and associated error term (e.g., SD, SEM) for BrdU labeling index/mouse for
each treatment group and the results of outlier analysis for each treatment group
Calculated SI and an appropriate measure of variability that takes into account the
interanimal variability in both the test substance and control groups

Dose response relationship

Statistical analysis, where appropriate

Discussion of the Results

Brief commentary on the results, the dose-response analysis, and statistical analyses,
where appropriate, with a conclusion as to whether the test substance should be
considered a skin sensitizer
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Conclusion
A Quality Assurance Statement for GLP-compliant Studies

e Indicate all inspections made during the study and the dates any results were reported
to the Study Director; confirm that the final report reflects the raw data

6.0 References

Basketter DA, Gerberick GF, Kimber I, Loveless SE. 1996. The local lymph node assay — a viable
alternative to currently accepted skin sensitisation tests. Food Chem Toxicol 34:985-997.

Basketter DA, Gerberick GF, Kimber 1. 1998. Strategies for identifying false positive responses in
predictive sensitisation tests. Food Chem Toxicol 36:327-33.

Ehling G, Hecht M, Heusener A, Huesler J, Gamer AO, Van Loveren H, et al. 2005. A European
inter-laboratory validation of alternative endpoints of the murine local lymph node assay: first round.
Toxicology 212:60-68.

EPA. 1998. Health Effects Test Guidelines: OPPTS 870.1200 — Acute Dermal Toxicity. EPA 712-C-
98-192. Washington, DC: U.S. Environmental Protection Agency. Available:
http://www.epa.gov/opptsfrs/publications/OPPTS Harmonized/870 Health Effects Test Guidelines
/Series/870-1200.pdf.

ESAC. 2007. Statement on the Reduced Local Lymph Node Assay (rLLNA). European Commission
Directorate General, Joint Research Centre, Institute for Health and Consumer Protection, European
Centre for the Validation of Alternative Methods. April 2007. Available:
http://ecvam.jrc.it/ft_doc/ESAC26_statement rLLNA 20070525-1.pdf.

Hayes BB, Gerber PC, Griffey SS, Meade BJ. 1998. Contact hypersensitivity to
dicyclohexylcarbodiimide and diisopropylcarbodiimide in female B6C3F1 mice. Drug Chem Toxicol
21:195-206.

Hayes BB, Meade BJ. 1999. Contact sensitivity to selected acrylate compounds in B6C3F1 mice:
relative potency, cross reactivity, and comparison of test methods. Drug Chem Toxicol 22:491-506.

Homey B, Von Schilling C, Blumel J, Schuppe H-C, Ruzicka T, Jirgen AH, et al. 1998. An
integrated model for the differentiation of chemical-induced allergic and irritant skin reactions.
Toxicol Appl Pharmacol 153:83-94.

ICCVAM. 1999. The Murine Local Lymph Node Assay: A Test Method for Assessing the Allergic
Contact Dermatitis Potential of Chemicals/Compounds. The Results of an Independent Peer Review
Evaluation Coordinated by the Interagency Coordinating Committee on the Validation of Alternative
Methods (ICCVAM) and the National Toxicology Program Interagency Center for the Evaluation of
Alternative Toxicological Methods (NICEATM). NIH Publication No. 99-4494. Research Triangle
Park, NC: National Institute of Environmental Health Sciences. Available:
http://iccvam.niehs.nih.gov/docs/immunotox docs/llna/llnarep.pdf.

ICCVAM. 2009a. Recommended Performance Standards: Murine Local Lymph Node Assay. NIH
Publication No. 09-7357. Research Triangle Park, NC: National Institute of Environmental Health
Sciences. Available: http://iccvam.niehs.nih.gov/docs/immunotox _docs/lIna-ps/LLNAPerfStds.pdf.

ICCVAM. 2009b. ICCVAM Test Method Evaluation Report. The Reduced Murine Local Lymph
Node Assay: An Alternative Test Method Using Fewer Animals to Assess the Allergic Contact
Dermatitis Potential of Chemicals and Products. NIH Publication No. 09-6439. Research Triangle
Park, NC: National Institute of Environmental Health Sciences. Available at:
http://iccvam.niehs.nih.gov/methods/immunotox/LLNA-LD/TMER.htm.

B-10


http://iccvam.niehs.nih.gov/methods/immunotox/LLNA-LD/TMER.htm
http://iccvam.niehs.nih.gov/docs/immunotox_docs/llna-ps/LLNAPerfStds.pdf
http://iccvam.niehs.nih.gov/docs/immunotox_docs/llna/llnarep.pdf
http://ecvam.jrc.it/ft_doc/ESAC26_statement_rLLNA_20070525-1.pdf
http://www.epa.gov/opptsfrs/publications/OPPTS_Harmonized/870_Health_Effects_Test_Guidelines

Appendix B — ICCVAM-Recommended Protocol

ICCVAM. 2009c. Nonradioactive Murine Local Lymph Node Assay: Flow Cytometry Test Method
Protocol (LLNA: BrdU-FC) Revised Draft Background Review Document. Research Triangle Park,
NC: National Institute of Environmental Health Sciences. Available:
http://iccvam.niehs.nih.gov/methods/immunotox/fcLLNA/BRDcomplete.pdf.

ICCVAM. 2009d. Report on the ICCVAM-NICEATM/ECVAM/JaCV AM Scientific Workshop on
Acute Chemical Safety Testing: Advancing In Vitro Approaches and Humane Endpoints for Systemic
Toxicity Evaluations. Research Triangle Park, NC: National Institute of Environmental Health
Sciences. Available: http://iccvam.niehs.nih.gov/methods/acutetox/toxwksp-rpt.htm.

Institute of Laboratory Animal Research (ILAR). 1996. Guide for the Care and Use of Laboratory
Animals. 7th ed. Washington, DC: National Academies Press.

Kimber I, Basketter DA. 1992. The murine local lymph node assay; collaborative studies and new
directions: a commentary. Food Chem Toxicol 30:165-169.

Kimber I, Dearman RJ, Scholes EW, Basketter DA. 1994. The local lymph node assay: developments
and applications. Toxicology 93:13-31.

Kimber I, Hilton J, Dearman RJ, Gerberick GF, Ryan CA, Basketter DA, et al. 1998. Assessment of
the skin sensitization potential of topical medicaments using the local lymph node assay: An
interlaboratory exercise. J Toxicol Environ Health 53:563-79.

Kimber I, Dearman RJ, Betts CJ, Gerberick GF, Ryan CA, Kern PS, et al. 2006. The local lymph
node assay and skin sensitization: A cut-down screen to reduce animal requirements? Contact
Dermatitis 54:181-185.

OECD. 1987. Guideline For Testing of Chemicals — Test Guideline 402: Acute Dermal Toxicity.
Paris:OECD. Available:
http://www.oecd.org/document/40/0,2340,en_2649 34377 37051368 1 1 1 1,00.html.

OECD. 2000. Guidance Document on the Recognition, Assessment and Use of Clinical Signs as
Humane Endpoints for Experimental Animals Used in Safety Evaluation. Environmental Health and
Safety Monograph Series on Testing and Assessment No. 19. Paris:OECD. Available:
http://www.oecd.org/document/30/0,3343,en_2649 34377 1916638 1 1 1 1,00.html

OECD. 2002. Test Guideline 429. Skin Sensitisation: Local Lymph Node Assay, adopted April 24,
2002. In: OECD Guidelines for Testing of Chemicals. Paris:OECD. Available:
http://titania.sourceoecd.org/vlI=7033968/cl=16/nw=1/rpsv/cw/vhosts/oecdjournals/1607310x/v1n4/co
ntpl-1.htm

Patterson RM, Noga E, Germolec D. 2007. Lack of evidence for contact sensitization by Pfiesteria
extract. Environ Health Perspect 115:1023-1028.

Reeder MK, Broomhead YL, DiDonato L, DeGeorge GL. 2007. Use of an enhanced local lymph
node assay to correctly classify irritants and false positive substances. Toxicologist 96 (S-1):235.

Takeyoshi M, Yamasaki K, Yakabe Y, Takatsuki M, and Kimber I. 2001. Development of non-radio
isotopic endpoint of murine local lymph node assay based on 5-bromo-2'-deoxyuridine (BrdU)
incorporation. Toxicology Letters 119:203-208.

Tilney NL. 1971. Patterns of lymphatic drainage in the adult laboratory rat. J Anat 109:369-383.

Van Och FMM, Slob W, De Jong WH, Vandebriel RJ, Van Loveren H. 2000. A quantitative method
for assessing the sensitising potency of low molecular weight chemicals using a local lymph node
assay: employment of a regression method that includes determination of uncertainty margins.
Toxicology 146:49-59.

B-11


http://titania.sourceoecd.org/vl=7033968/cl=16/nw=1/rpsv/cw/vhosts/oecdjournals/1607310x/v1n4/co
http://www.oecd.org/document/30/0,3343,en_2649_34377_1916638_1_1_1_1,00.html
http://www.oecd.org/document/40/0,2340,en_2649_34377_37051368_1_1_1_1,00.html
http://iccvam.niehs.nih.gov/methods/acutetox/toxwksp-rpt.htm
http://iccvam.niehs.nih.gov/methods/immunotox/fcLLNA/BRDcomplete.pdf

ICCVAM LLNA: BrdU-ELISA Evaluation Report

Vohr HW, Jiirgen AH. 2005. The local lymph node assay being too sensitive? Arch Toxicol 79:721-
728.

Woolhiser MR, Hayes BB, Meade BJ. 1998. A combined murine local lymph node and irritancy
assay to predict sensitization and irritancy potential of chemicals. Toxicol Meth 8:245-256.



Appendix B — ICCVAM-Recommended Protocol

This page intentionally left blank

B-13



ICCVAM LLNA: BrdU-ELISA Evaluation Report

Annex I:
An Approach to Dissection and Identification of the Draining
(“Auricular”) Lymph Nodes

1.0 Background

Although minimal technical training of the LLNA: BrdU-ELISA is required, extreme care must be
taken to ensure appropriate and consistent dissection of the lymph nodes. It is recommended that
technical proficiency in the dissection and identification of the lymph nodes draining the ear be
achieved by practice on mice that have been (a) injected with a colored agent (dye) and/or (b)
sensitized with a strong positive sensitizer. Brief descriptions of these practice dissections are
provided below. Recognizing that nodes from vehicle-treated and naive mice are smaller, laboratories
performing the LLNA: BrdU-ELISA must also gain proficiency in the dissection of these nodes. It
may be helpful for laboratories inexperienced in this procedure to request guidance from laboratories
that have successfully performed the LLNA: BrdU-ELISA.

2.0 Training and Preparation for Node Identification

2.1 Identification of the Draining Node — Dye Treatment

Several methods can be used to provide color identification of the draining nodes. These techniques
may be helpful for initial identification and should be performed to ensure proper isolation of the
appropriate node. Examples of such treatments are listed below. It should be noted that other such
protocols might be used effectively.

Evan’s Blue Dye treatment:

Inject approximately 0.1 mL of 2% Evan’s Blue Dye (prepared in sterile saline) intradermally
into the pinna of an ear. Euthanize the mouse after several minutes and continue with the
dissection as noted below.

Colloidal carbon and other dye treatments:

Colloidal carbon and India ink are examples of other dye treatments that may be used (Tilney
1971).

2.2 Identification of the Draining Node — Application of Strong Sensitizers

For the purpose of node identification and training, a strong sensitizer is recommended. This agent
should be applied in the standard AOO vehicle. Suggested sensitizers for this training exercise
include 0.1% oxazolone, 0.1% (w/v) 2,4-dinitrochlorobenzene, and 0.1% (v/v) dinitrofluorobenzene.
After treating the ear with a strong sensitizer, the draining node will dramatically increase in size,
thus aiding in identification and location of the node.

Using a procedure similar to that described in the test method protocol, apply the agent to the dorsum
of both ears (25 pL/ear) for three consecutive days. On the fourth day, euthanize the mouse.
Identification and dissection (listed below) of the node should be performed in these animals prior to
practice in non-sensitized or vehicle-treated mice, where the node is significantly smaller.

Please note: Due to the exacerbated response, the suggested sensitizers are not recommended as
controls for assay performance. They should only be used for training and node identification
purposes.
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3.0 Dissection Approach

3.1 Lateral Dissection (Figure B-1-1)

Although lateral dissection is not the conventional approach used to obtain the nodes draining the ear,
it may be helpful as a training procedure when used in combination with the ventral dissection.
Perform this approach bilaterally (on both sides of the mouse). After euthanizing the mouse, place it
in a lateral position. Wet the face and neck with 70% ethanol. Use scissors and forceps to make an
initial cut from the neck area slightly below the ear. Carefully extend the incision toward the mouth
and nose. Angle the tip of the scissors slightly upward during this procedure to prevent the damage of
deeper tissue. Gently retract the glandular tissue in the area using the forceps. Using the masseter
muscle, facial nerves, blood vessels, and the bifurcation of the jugular vein as landmarks, isolate and
remove the draining node (Figure B-1-1). The draining node (“auricular”) will be positioned adjacent
to the masseter muscle and proximal to and slightly above the jugular bifurcation.

3.2  Ventral Dissection (Figure B-1-2)

The most commonly used dissection approach is from the ventral surface of the mouse. This approach
allows both right and left draining nodes to be obtained without repositioning the mouse. With the
mouse ventrally exposed, wet the neck and abdomen with 70% ethanol. Use scissors and forceps to
carefully make the first incision across the chest and between the arms. Make a second incision up the
midline perpendicular to the initial cut, and then cut up to the chin area. Reflect the skin to expose the
external jugular veins in the neck area. Take care to avoid salivary tissue at the midline and nodes
associated with this tissue. The nodes draining the ear (“auricular”) are located distal to the masseter
muscle, away from the midline, and near the bifurcation of the jugular veins.

4.0 Accuracy in Identification

The nodes can be distinguished from glandular and connective tissue in the area by the uniformity of
the nodal surface and a shiny translucent appearance. Application of sensitizing agents (especially the
strong sensitizers used in training) will cause enlargement of the node size. If a dye is injected for
training purposes, the node will take on the tint of the dye.
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Figure B-1-1

Lateral Dissection

Credit: Dee Sailstad, U.S. EPA

Figure B-1-2  Ventral Dissection
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Annex I1:
Evaluating Local Irritation and Systemic Toxicity in the LLNA: BrdU-
ELISA

As noted in the ICCVAM LLNA: BrdU-ELISA test method protocol, the maximum dose tested
should be the maximum possible concentration that does not produce systemic toxicity or excessive
local irritation after topical application in the mouse. In the absence of information to determine this
concentration (e.g., acute toxicity and dermal irritation data, and/or structural and physicochemical
information on the test material and/or structurally related test materials), a prescreen test should be

performed using three dose levels of the test substance, in order to define the appropriate dose to test
in the LLNA: BrdU-ELISA.

The prescreen test is conducted under identical conditions as the main LLNA: BrdU-ELISA study,
except there is no assessment of lymph node cell proliferation. The maximum dose tested should be
100% of the test material for liquids or the maximum possible concentration for solids or suspensions.
One or two animals per dose group are suggested. All mice will be observed daily for any clinical
signs of systemic toxicity or local irritation at the application site. Body weights are recorded pre-test
and prior to termination (Day 6). Both ears of each mouse are observed for erythema and scored using
Table B-11-1. Ear thickness measurements are taken using a thickness gauge (e.g., digital micrometer
or Peacock Dial thickness gauge) on Day 1 (predose), Day 3 (approximately 48 hours after the first
dose), and Day 6 (termination). Additionally on Day 6, ear thickness could be determined by ear
punch weight determinations, which must be performed after the animals are humanely killed.
Excessive local irritation is indicated by an erythema score >3 and/oran increase in ear thickness of
>25% on any day of measurement (Reeder et al. 2007; ICCVAM 2009c). The highest dose selected
for the main LLNA: BrdU-ELISA study will be the next lower dose in the prescreen concentration
series that does not induce systemic toxicity and/or excessive local skin irritation.

Table B-11-1  Erythema Scores

Observation Value
No erythema 0
Very slight erythema (barely perceptible) 1
Well-defined erythema 2
Moderate to severe erythema (beet redness) 3
Severg erythema (beet redpess) to eschar 4
formation preventing grading of erythema

In addition to a 25% increase in ear thickness (Reeder et al. 2007; ICCVAM 2009c¢), a statistically
significant increase in ear thickness in the treated mice compared to control mice has also been used
to identify irritants in the traditional LLNA (Hayes et al. 1998; Homey et al. 1998; Woolhiser et al.
1998; Hayes and Meade 1999; Ehling et al. 2005; Vohr and Jiirgen 2005). While statistically
significant increases can occur when ear thickness is less than 25%, they have not been associated
specifically with excessive irritation (Woolhiser et al. 1998; Hayes and Meade 1999; Ehling et al.
2005; Vohr and Jiirgen 2005; Patterson et al. 2007).

Test guidelines for assessing acute dermal toxicity recommend a number of clinical observations for
assessing systemic toxicity (OECD 1987; EPA 1998). The following clinical observations, which are
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based on test guidelines and current practices (ICCVAM 2009d), may indicate systemic toxicity when
used as part of an integrated assessment and therefore may indicate the maximum dose level to use in
the main LLNA: BrdU-ELISA:

Changes in nervous system function (e.g., piloerection, ataxia, tremors, and convulsions)
Changes in behavior (e.g., aggressiveness, change in grooming activity, marked change
in activity level)

Changes in respiratory patterns (i.e., changes in frequency and intensity of breathing such
as dyspnea, gasping, and rales)

Changes in food and water consumption

Lethargy and/or unresponsiveness

Any clinical signs of more than slight or momentary pain and distress

Reduction in body weight >5% from Day 1 to Day 6

Mortality

Moribund animals or animals showing signs of severe pain and distress should be humanely killed
(OECD 2000).
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Preface

In 1999, the U.S. Interagency Coordinating Committee on the Validation of Alternative Methods
(ICCVAM) recommended the murine (mouse) local lymph node assay (LLNA) as a valid test method
to assess the skin sensitization potential of most types of substances (ICCVAM 1999; Sailstad et al.
2001; Dean et al. 2001; Haneke et al. 2001). ICCVAM concluded that the LLNA (referred to herein
as the “traditional LLNA”) provided several advantages compared to guinea pig test methods,
including elimination of potential pain and distress, use of fewer animals, less time required to
perform, and availability of dose-response information. United States and international regulatory
authorities subsequently accepted the traditional LLNA as an alternative test method for allergic
contact dermatitis testing. It is now commonly used around the world.

One disadvantage of the traditional LLNA is that it requires injection of a radioactive marker to
measure cell proliferation in lymph nodes. To avoid the use of radioactive markers, scientists have
recently developed several nonradioactive versions of the LLNA. In 2007, the U.S. Consumer
Product Safety Commission (CPSC) asked ICCVAM and the National Toxicology Program
Interagency Center for the Evaluation of Alternative Toxicological Methods (NICEATM) to evaluate
the scientific validity of these nonradioactive versions. [CCVAM assigned the nomination a high
priority, and established the [ICCVAM Immunotoxicity Working Group (IWG) to work with
NICEATM to review the current literature and evaluate available data to assess the validity of three
such test methods. The evaluation process involved two public meetings of an international
independent scientific peer review panel (referred to hereafter as “Panel”) that reviewed draft and
revised draft background review documents (BRDs) and ICCVAM test method recommendations.

A comprehensive draft background review document provided the initial information, data, and
analyses supporting the validation status of each of the nonradioactive test methods. ICCVAM also
developed draft test method recommendations for each test method regarding its usefulness and
limitations, test method protocol, performance standards, and future studies. NICEATM and
ICCVAM provided the draft BRDs and draft test method recommendations to the Panel for their
consideration at a public meeting on March 4-6, 2008. A report of the Panel meeting was
subsequently published on the NICEATM-ICCVAM website.' Both the Panel and ICCVAM
concluded that more information was needed before a recommendation on the usefulness and
limitations of each of the three test methods could be made. The Panel recommended that NICEATM
obtain additional data that were not available to the Panel and reanalyze the performance of each
nonradioactive LLNA test method. NICEATM subsequently obtained additional data and prepared
revised draft BRDs. ICCVAM also prepared revised draft test method recommendations based on the
revised draft BRDs. NICEATM and ICCVAM provided the revised draft BRDs and revised draft test
method recommendations to the Panel for their consideration at a public meeting on April 28-29,
2009. A 2report of the Panel meeting was subsequently published on the NICEATM-ICCVAM
website.

Based on the revised draft ICCVAM recommendations, NICEATM submitted a proposed draft
Organisation for Economic Co-operation and Development (OECD) Test Guideline (TG) for the
LLNA with enzyme-linked immunosorbent assay detection of bromodeoxyuridine (referred to
hereafter as the “LLNA: BrdU-ELISA”) that was circulated in July 2009 to the 30 OECD member
countries for review and comment. An OECD Expert Consultation Meeting was held on October
20-22, 2009, to evaluate the comments. The expert group reviewed the draft OECD TG for the
LLNA: BrdU-ELISA and proposed responses to the comments from member countries. A revised TG
was again distributed to the 30 OECD member countries in December 2009 for review and comment,

! http://iccvam.niehs.nih.gov/methods/immunotox/llna_PeerPanel.htm.
2 http://iccvam.niehs.nih.gov/methods/immunotox/ llna_PeerPanel.htm.


http://iccvam.niehs.nih.gov/methods/immunotox/llna_PeerPanel.htm�
http://iccvam.niehs.nih.gov/methods/immunotox/llna_PeerPanel.htm�

and then the final draft was forwarded to the OECD Working Group of National Co-ordinators of the
Test Guidelines Programme to consider for adoption at their March 23-25, 2010, meeting.

ICCVAM considered the conclusions and recommendations of the Panel and conclusions from the
OECD Expert Consultation, along with comments received from the public and the Scientific
Advisory Committee for Alternative Toxicological Methods (i.e., the ICCVAM-NICEATM advisory
committee), and then finalized the BRDs and test method recommendations. These will be forwarded
to Federal agencies for their consideration and acceptance decisions, where appropriate. This BRD
addresses the validation database for the LLNA: BrdU-ELISA.

We gratefully acknowledge the organizations and scientists who provided data and information for
this document. We would also like to recognize the efforts of the individuals who contributed to its
preparation, review, and revision. We especially recognize the Panel members for their thoughtful
evaluations and generous contributions of time and effort. Special thanks are extended to Dr. Michael
Luster for serving as the Panel Chair and to Dr. Michael Woolhiser, Dr. Michael Olson, Kim
Headrick, and Dr. Stephen Ullrich for their service as Evaluation Group Chairs. We thank the IWG
for assuring a meaningful and comprehensive review. We thank Drs. Abigail Jacobs (U.S. Food and
Drug Administration) and Joanna Matheson (CPSC) for serving as Co-chairs of the IWG, as well as
the members of the IWG and ICCVAM representatives who subsequently reviewed and provided
comments throughout the process leading to this final BRD.

Integrated Laboratory Systems, Inc., the NICEATM Support Contractor, provided excellent scientific
and operational support for which we thank Dr. David Allen, Thomas Burns, Linda Litchfield,
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Executive Summary

Background

In 1999, the Interagency Coordinating Committee on the Validation of Alternative Methods
(ICCVAM) recommended to U.S. Federal agencies that the murine local lymph node assay (LLNA)
is a valid substitute for currently accepted guinea pig (GP) test methods to assess the allergic contact
dermatitis (ACD) potential of most types of substances. ACD is an allergic skin reaction
characterized by redness, swelling, and itching that can result from contact with a sensitizing
chemical or product. The recommendation was based on a comprehensive evaluation that included an
independent scientific peer review panel (Panel) assessment of the validation status of the LLNA. The
Panel report and the ICCVAM recommendations (ICCVAM 1999) are available at the National
Toxicology Program Interagency Center for the Evaluation of Alternative Toxicological Methods
(NICEATM)-ICCVAM website (http://iccvam.niehs.nih.gov/docs/immunotox_docs/lIna/llnarep.pdf).
The LLNA was subsequently incorporated into national and international test guidelines for the
assessment of skin sensitization (Organisation for Economic Co-operation and Development [OECD]
Test Guideline 429 [OECD 2002]; International Organization for Standardization [ISO] 10993-10:
Tests for Irritation and Delayed-type Hypersensitivity [ISO 2002]; U.S. Environmental Protection
Agency [EPA] Health Effects Test Guidelines on Skin Sensitization [EPA 2003]).

In 2007, the U.S. Consumer Product Safety Commission (CPSC) formally nominated several
activities related to the LLNA for evaluation by ICCVAM and NICEATM (available at
http://iccvam.niehs.nih.gov/methods/immunotox/llnadocs/CPSC_LLNA nom.pdf). One of the
nominated activities was an assessment of the validation status of nonradioactive modifications to the
current version of the LLNA ([ICCVAM 1999; Sailstad et al. 2001; Dean et al. 2001; Haneke et al.
2001], referred to hereafter as the “traditional LLNA”), which uses radioactivity to detect sensitizers.
The information described in this background review document (BRD) was compiled by ICCVAM
and NICEATM in response to this nomination. The BRD provides a comprehensive review of data
and information regarding the usefulness and limitations of one of these test methods, the LLNA with
detection of bromodeoxyuridine (BrdU) incorporation by an enzyme-linked immunosorbent assay
(ELISA) (referred to hereafter as the “LLNA: BrdU-ELISA”).

Test Method Protocol

The LLNA: BrdU-ELISA was originally developed by Takeyoshi et al. (2001). While the traditional
LLNA assesses cellular proliferation by measuring the incorporation of radioactivity into the
deoxyribonucleic acid (DNA) of dividing lymph node cells, the LLNA: BrdU-ELISA assesses the
same endpoint by measuring the incorporation of the thymidine analog BrdU using an ELISA. A
stimulation index (SI), the ratio of the mean BrdU incorporation into the lymph nodes of mice in the
test substance group to the mean BrdU incorporation into the lymph nodes of mice in the vehicle
control group, is used to identify a substance as a sensitizer. Other than the procedure for measuring
lymph node cell proliferation, the protocol for the LLNA: BrdU-ELISA is similar to that of the
traditional LLNA (ICCVAM 1999; Sailstad et al. 2001; Dean et al. 2001; Haneke et al. 2001).

Validation Database

The accuracy and reliability of the LLNA: BrdU-ELISA were assessed using the individual animal
data for 43 substances from six published studies (Takeyoshi et al. 2003, 2004a, 2004b, 2005, 2006,
2007a), one platform presentation (Takeyoshi 2007b), one poster presentation (Kojima et al. 2008),
and unpublished data submitted to NICEATM in 2009. The reference test data for these substances
were obtained from the traditional LLNA, GP skin sensitization tests, and/or human skin sensitization
tests or clinical information. Of the 43 substances with traditional LLNA data, 32 were classified by
the traditional LLNA as skin sensitizers and 11 were classified as nonsensitizers.
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Test Method Accuracy

The accuracy evaluation in this BRD includes the evaluation of multiple decision criteria, including

the SI > 2.0 recommended in the test method protocol. Based on the evaluation of multiple decision

criteria, the optimal performance was achieved using SI> 1.6 to classify sensitizers. Compared with
the traditional LLNA, accuracy was 95% (41/43), with a false positive rate of 18% (2/11) and a false
negative rate of 0% (0/32). The two false positive substances produced borderline positive SI values
between 1.6 and 1.9 in the LLNA: BrdU-ELISA.

When the decision criterion of SI > 2.0 was used to classify sensitizers vs. nonsensitizers, compared
to the traditional LLNA, accuracy was 95% (41/43), with a false positive rate of 0% (0/11) and a false
negative rate of 6% (2/32). Between the two false negative substances, no unique characteristics were
identified that could be used as rationale for excluding any particular types of substances from testing
in the LLNA: BrdU-ELISA.

The reduced LLNA: BrdU-ELISA (rLLNA: BrdU-ELISA), which uses only the highest soluble dose
of the test substance that does not produce local skin irritation or systemic toxicity, can reduce animal
use by 40% for hazard classification purposes where dose-response information is not needed. Using
SI> 1.6 to classify sensitizers, the accuracy of the rLLNA: BrdU-ELISA compared with the
multiple-dose LLNA: BrdU-ELISA was 95% (82/85 tests), with a false positive rate of 0% (0/11
tests) and a false negative rate of 4% (3/74 tests). The three tests that were false negative in the
rLLNA: BrdU-ELISA were weakly positive in the LLNA: BrdU-ELISA at a concentration lower than
the highest dose (SI = 1.62, 2.02, and 2.22). The highest dose tested for each of the three tests of two
substances was 50%.

Test Method Reliability — Intralaboratory Reproducibility

Intralaboratory reproducibility was assessed using a concordance analysis of sensitizer/nonsensitizer
results and a coefficient of variation (CV) analysis of SI values and EC1.6 values (estimated
concentration needed to produce an SI of 1.6). The qualitative analysis shows that multiple tests of

12 substances (10 sensitizers and two nonsensitizers) yielded 100% concordance for the
sensitizer/nonsensitizer outcomes for 10/12 substances. However, one of the nonsensitizers with
100% concordance produced false positive results in both tests that were conducted for this substance.
In the quantitative analyses, the CV values for the SI values of 13 substance/concentration
combinations that were tested up to five times each ranged from 1% to 80%. The CV values for the
EC1.6 values of four substances that were tested up to five times at multiple doses ranged from 37%
to 118%.

Test Method Reliability — I nterlaboratory Reproducibility

When using SI > 1.6 to classify sensitizers, the qualitative interlaboratory reproducibility analysis of
10 substances (seven sensitizers and three nonsensitizers), that were tested in up to seven laboratories
indicated 100% agreement (3/3, 6/6, or 7/7) among the laboratories for nine substances (seven
sensitizers and two nonsensitizers). One of the nonsensitizers with 100% concordance, however,
produced false positive results in 3/3 laboratories. There was 67% (4/6) agreement among the tests for
the remaining nonsensitizer. Interlaboratory CV values for the EC1.6 values of the seven sensitizers
ranged from 31% to 93%.

When using SI > 1.6 to classify sensitizers, the categorical concordance analysis for the 18 substances
with multiple tests indicated that the SI results for 85% (11/13) of the LLNA sensitizers were 100%
concordant (i.e., all yielded SI > 1.6 and SI > 1.9). Two of the 13 sensitizers produced one test with
SI < 1.6 and one test with SI > 1.6. The SI results for 60% (3/5) of the nonsensitizers were 100%
concordant. All tests for two nonsensitizers had SI < 1.6, and all tests of the third nonsensitizer
yielded SI values between 1.6 and 1.9. The concordance of the other two nonsensitizers was 67% (2/3
tests) for SI values between 1.6 and 1.9 and 71% (5/7 tests) for SI < 1.6.



Animal Welfare Considerations

The LLNA: BrdU-ELISA will use the same number of animals when compared to the updated
ICCVAM-recommended LLNA protocol (Appendix A of ICCVAM 2009). However, since use of the
traditional LLNA is restricted in some institutions because it involves radioactivity, availability and
use of the nonradioactive LLNA: BrdU-ELISA may lead to further reduction in use of the GP tests,
which would provide for reduced animal use and increased refinement due to the avoidance of pain
and distress in the LLNA procedure.

Further, the LLNA: BrdU-ELISA evaluates the induction phase of sensitization and therefore
discomfort to animals associated with the elicitation phase is eliminated. Additionally, the

LLNA: BrdU-ELISA protocol requires fewer mice per treatment group (a minimum of four animals
per group) than either of the GP tests (10-20 animals/group for the Buehler test and 5-10
animals/group for the GPMT).

Test Method Transferability

The transferability of the LLNA: BrdU-ELISA was demonstrated by an interlaboratory validation
study (Kojima et al. 2008). Compared to the traditional LLNA, the LLNA: BrdU-ELISA will not
require facilities, equipment, and licensing permits for handling radioactive materials. The level of
training and expertise needed to conduct the LLNA: BrdU-ELISA should be similar to the traditional
LLNA, except that the understanding and use of the ELISA is required.



1.0 Introduction

11 Public Health Per spective

Allergic contact dermatitis (ACD) is a frequent occupational health problem. According to the U.S.
Department of Labor Bureau of Labor Statistics, in 2005, 980 cases of ACD involved days away from
work.” ACD develops in two phases, induction and elicitation. The induction phase occurs when a
susceptible individual is exposed topically to a skin-sensitizing substance. Induction depends on the
substance passing through the epidermis, where it forms a hapten complex with dermal proteins. The
Langerhans cells, the resident antigen-presenting cells in the skin, process the hapten complex. The
processed hapten complex then migrates to the draining lymph nodes. Antigen presentation to T-
lymphocytes follows, which leads to the clonal expansion of these cells. At this point, the individual
is sensitized to the substance (Basketter et al. 2003; Jowsey et al. 2006). Studies have shown that the
magnitude of lymphocyte proliferation correlates with the extent to which sensitization develops
(Kimber and Dearman 1991, 1996).

The elicitation phase occurs when the individual is again topically exposed to the same substance. As
in the induction phase, the substance penetrates the epidermis, is processed by the Langerhans cells,
and is presented to circulating T-lymphocytes. The antigen-specific T-lymphocytes are then activated,
which causes release of cytokines and other inflammatory mediators. This release produces a rapid
dermal immune response that can lead to ACD (ICCVAM 1999; Sailstad 2001; Basketter et al. 2003;
Jowsey et al. 2006).

1.2  Historical Background for the Murine Local Lymph Node Assay (LLNA)

In 1999, the Interagency Coordinating Committee on the Validation of Alternative Methods
(ICCVAM) recommended the LLNA as a valid substitute for currently accepted guinea pig (GP) test
methods to assess the ACD potential of most types of substances. The recommendation was based on
a comprehensive evaluation that included an independent scientific peer review panel (Panel)
assessment of the validation status of the LLNA. The Panel report and the ICCVAM
recommendations (ICCVAM 1999) are available at the National Toxicology Program (NTP)
Interagency Center for the Evaluation of Alternative Toxicological Methods (NICEATM)-ICCVAM
website (http://iccvam.niehs.nih.gov/docs/immunotox_docs/lIna/llnarep.pdf).

ICCVAM forwarded recommendations to U.S. Federal agencies that the LLNA should be considered
for regulatory acceptance or other nonregulatory applications for assessing the ACD potential of
substances, while recognizing that some testing situations would still require the use of traditional GP
test methods (ICCVAM 1999; Sailstad et al. 2001). The LLNA was subsequently incorporated into
national and international test guidelines for the assessment of skin sensitization (Organisation for
Economic Co-operation and Development [OECD] Test Guideline [TG] 429 [OECD 2002];
International Standards Organization [[SO] 10993-10: Tests for Irritation and Delayed-type
Hypersensitivity [ISO 2002]; U.S. Environmental Protection Agency [EPA] Health Effects Test
Guidelines on Skin Sensitization [EPA 2003]).

On January 10, 2007, the U.S. Consumer Product Safety Commission (CPSC) formally nominated
several activities related to the LLNA for evaluation by ICCVAM and NICEATM (available at
http://iccvam.niehs.nih.gov/methods/immunotox/llnadocs/CPSC_LLNA nom.pdf). One of the
nominated activities was an assessment of the validation status of nonradioactive modifications to the
current version of the LLNA ([ICCVAM 1999; Dean et al. 2001], referred to hereafter as the
“traditional LLNA”), which uses radioactivity to detect sensitizers. The information described in this
background review document (BRD) was compiled by ICCVAM and NICEATM in response to this

3 Available at http://www.bls.gov/.
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nomination. This BRD provides a comprehensive review of available data and information regarding
the usefulness and limitations of one of these methods, the LLNA with detection of
bromodeoxyuridine (BrdU) incorporation by enzyme-linked immunosorbent assay (ELISA) (referred
to hereafter as the “LLNA: BrdU-ELISA”). ICCVAM and its Immunotoxicity Working Group (IWG)
evaluated this method in a draft BRD and developed draft test method recommendations based on this
initial evaluation. An independent peer review panel (Panel) reviewed the draft BRD in March 2008
to evaluate the extent to which the information contained in the BRD supported the draft test method
recommendations. The Panel concluded that additional information was needed to evaluate the test
method, including a detailed test method protocol, individual animal data on a larger number of
reference substances that cover a wide range of physicochemical properties and sensitization potency,
and an evaluation of interlaboratory reproducibility. In response to this recommendation, NICEATM
obtained additional LLNA: BrdU-ELISA data and information, which were used to generate a revised
draft BRD for review by the Panel in April 2009.

Based on the revised draft ICCVAM test method recommendations, NICEATM submitted a proposed
draft OECD TG for the LLNA: BrdU-ELISA that was circulated in July 2009 to the 30 OECD
member countries for review and comment via their National Co-ordinators, who distributed the draft
TG to interested stakeholders. An OECD Expert Consultation meeting was held on October 20-22,
2009, to evaluate the comments. Scientists from the National Institute of Environmental Health
Sciences (NIEHS), the Environmental Protection Agency (EPA), the Food and Drug Administration
(FDA), and CPSC, as well as U.S. and international experts from industry and other stakeholder
organizations, participated in the meeting, which was co-hosted by CPSC and NICEATM-ICCVAM.
The expert group reviewed the draft OECD TG for the LLNA: BrdU-ELISA, proposed responses to
comments from member countries, and evaluated additional LLNA: BrdU-ELISA results for 12
substances tested and submitted to NICEATM after the Panel evaluation. The OECD Expert
Consultation convened a subsequent teleconference on December 1, 2009, to discuss outstanding
issues identified at the October meeting. A revised TG was again distributed to the 30 OECD member
countries in December 2009, via their National Co-ordinators, for review and comment by national
experts and interested stakeholders. A final teleconference of the OECD Expert Consultation was
convened on January 29, 2010 to discuss the member country comments received during the last
round of review, and a final draft TG was developed based on these discussions. This final draft was
forwarded to the OECD Working Group of National Co-ordinators of the Test Guidelines Programme
to consider for adoption at their March 23-25, 2010 meeting.

ICCVAM and the IWG considered the conclusions and recommendations of the Panel, comments
received from the public and its advisory committee (i.e., the Scientific Advisory Committee on
Alternative Toxicological Methods [SACATM]), along with the conclusions of the OECD Expert
Consultation on the LLNA, and developed this final BRD. ICCVAM provides this final BRD to
regulatory agencies for consideration as part of the ICCVAM Test Method Evaluation Report.

1.3 TheLLNA: BrdU-ELISA

The LLNA: BrdU-ELISA was developed by Takeyoshi et al. (2001) as a nonradioactive alternative to
the traditional LLNA. While the traditional LLNA assesses cellular proliferation by measuring the
incorporation of radioactivity into the deoxyribonucleic acid (DNA) of dividing lymph node cells, the
LLNA: BrdU-ELISA assesses the same endpoint by measuring the incorporation of the thymidine
analog BrdU, which is detected and quantified with an ELISA, which is available as a kit
commercially from several sources.

This document provides:

e A comprehensive summary of the LLNA: BrdU-ELISA test method protocol
e The substances used in the validation of the test method and the test results



The performance characteristics (accuracy and reliability) of the test method

Animal welfare considerations

Other considerations relevant to the usefulness and limitations of this test method (e.g.,
transferability, cost of the test method).



20 LLNA: BrdU-ELISA Test Method Protocol

The LLNA: BrdU-ELISA protocol (see Annex I) is similar to the ICCVAM-recommended protocol
for the traditional LLNA (see Appendix A of ICCVAM [2009]), except for the method used to assess
lymphocyte proliferation. In both the LLNA: BrdU-ELISA and the traditional LLNA, the test
substance is administered on three consecutive days. In the traditional LLNA, *H- thymidine or
'®I-jododeoxyuridine (in phosphate buffered saline; 250 uL/mouse) is administered via the tail vein
two days after the final application of the test substance. In the LLNA: BrdU-ELISA, 5 mg BrdU in a
volume of 0.5 mL physiological saline (concentration of 10 mg/mL) is administered via
intraperitoneal injection two days after the final application of the test substance. Takeyoshi et al.
(2001) reported that one injection of 5 mg BrdU was selected over two injections to minimize the
incorporation of BrdU in the control group. Injection of BrdU two days after topical treatment with
test substance yielded efficient incorporation of BrdU in comparison to injection one day or three
days after topical treatment with a test substance (Takeyoshi et al. 2001). On the day following BrdU
injection, lymph nodes are excised and a single cell suspension is prepared from the lymph nodes of
each animal. A standard aliquot of the cell suspension is added in triplicate to the wells of a flat-
bottom 96-well microplate and centrifuged. Supernatants are then removed. FixDenat solution (Roche
Applied Science), which fixes the cells and denatures the DNA in one step, is added to each well, and
the plate is incubated at room temperature. The FixDenat solution is removed, and the diluted anti-
BrdU antibody solution is added to each well. After each well is washed with phosphate buffered
saline, an aliquot of substrate solution containing tetramethylbenzidine is added. After incubation at
room temperature, the absorbance is measured using a microplate reader.

21 Decision Criteria

Like the traditional LLNA, a stimulation index (SI) is used in the LLNA: BrdU-ELISA to distinguish
skin sensitizers from nonsensitizers. The Sl is the ratio of the mean absorbance of the incorporated
BrdU in a lymph node suspension from individual mice in the test substance group to the mean
absorbance of the incorporated BrdU in a lymph node suspension from individual mice in the vehicle
control group as indicated by the formula below:

S = Mean absorbance of the treatment group lymph nodes

Mean absorbance of the vehicle control group lymph nodes

Consistent with the traditional LLNA, an SI > 3.0 was initially used as the threshold for labeling a
substance as a sensitizer. Takeyoshi et al. (2007b) evaluated the use of other decision criteria such as
specific differences in BrdU incorporation between treated and control groups (i.e., greater than the
95% confidence interval [CI] of the control group, greater than the two or three standard deviations
[SD] from the control group mean, and statistically significant differences by analysis of variance
[ANOVA]) and other SI values to distinguish sensitizers from nonsensitizers and found that lower
cutoff values for the SI improved accuracy when compared with the results of the traditional LLNA.

A multilaboratory validation study of the LLNA: BrdU-ELISA organized by the Japanese Society for
Alternatives to Animal Experiments (JSAAE) used SI > 2 to classify sensitizers (Kojima et al. 2008).
The SI > 2 criterion was selected for the interlaboratory validation study because prior studies
(Takeyoshi et al. 2003, 2004a, 2004b, 2005, 2006, 2007a, 2007b) indicated that the SI > 3 criterion
was inadequate for reliably distinguishing sensitizers from nonsensitizers (Kojima H, personal
communication).



3.0 LLNA: BrdU-ELISA Validation Database

The validation database for the LLNA: BrdU-ELISA includes data that were available for

47 substances; 43 substances had been previously tested in the traditional LLNA. Thirty-nine
substances were tested in one laboratory (Takeyoshi et al. 2003, 2004a, 2004b, 2005, 2006, 2007a,
2007b, unpublished data) and four additional substances (along with six of the same substances tested
by Takeyoshi et al.) were tested in the multilaboratory validation study coordinated by JSAAE
(Table C-1). No traditional LLNA data were available for four substances, which include two dimers
of eugenol (dihydroxyl-3,3'-dimethoxy-5,5'-diallyl-biphenyl and 4,5'-diallyl-2'-hydroxy-2,3'-
dimethoxyphenyl ether) and two dimers of isoeugenol (4-[1-hydroxy-2-(2-methoxy-4-propenyl-
phenyoxy)-propyl]-2-methoxy-phenol and 2-methoxy-4-(7-methoxy-3-methyl-5-propenyl-2,3-
dihydro-benzofuran-2yl)-phenol) (Takeyoshi et al. 2004a, 2007a). Of the 43 substances with
traditional LLNA data, 32 were classified by the traditional LLNA as skin sensitizers and 11 were
classified as nonsensitizers. The traditional LLNA EC3 values (i.e., estimated concentration needed to
produce an SI = 3) for the 32 sensitizers ranged from 0.009% to 47.5% (Table C-1).

Annex |1 provides information on physicochemical properties (e.g., physical form tested). For the

43 substances evaluated, the molecular weights ranged from 30.03 to 388.29 g/mole. Twenty-five
substances were liquids and 18 substances are solids. Estimated log octanol-water partition
coefficients, which were available for 41 substances, ranged from -3 to 3.88. Peptide reactivity, which
was available for 22 substances, ranged from high to minimal (Gerberick et al. 2007a).

Annex || further provides information on the Chemical Abstracts Service Registry Number and
chemical class for each substance tested. When available, chemical classes for each substance were
retrieved from the National Library of Medicine Medical Subject Headings classification system
(available at http://www.nlm.nih.gov/mesh/meshhome.html). If chemical classes were unavailable,
they were assigned using a standard classification scheme based on the Medical Subject Headings
classification system. A substance could be assigned to more than one chemical class; however, no
substance was assigned to more than three classes. Chemical class information is presented only to
provide an indication of the variety of structural elements that are present in the structures that were
evaluated in this analysis. Classification of substances into chemical classes is not intended to indicate
the impact of structure on biological activity with respect to sensitization potential.

Table C-1 shows that 19 chemical classes are represented by the 47 substances tested in the

LLNA: BrdU-ELISA. Eleven substances are classified in more than one chemical class. The classes
with the highest number of substances are carboxylic acids (13 substances) and aldehydes (six
substances). Of the 22 chemical classes represented in the NICEATM LLNA database by at least five
substances (thereby providing a sufficiently large representation for further analyses), 20 classes had
at least 60% of the traditional LLNA results identified as positive. For this database of more than

600 substances, these classes were identified as those most likely to be associated with skin
sensitization. Fifteen of these classes were also represented in the LLNA: BrdU-ELISA database
(only amides, ethers, ketones, macromolecular substances, and polycyclic compounds were not
included). Among the chemical classes that have been previously identified as common skin allergens
(e.g., aldehydes, ketones, quinones, and acrylates [Gerberick et al. 2004]), only ketones were not
included in the LLNA: BrdU-ELISA database.
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TableC-1 Product Use and Chemical Classification, Traditional LLNA EC3 Values, LLNA: BrdU-ELISA EC1.6 Values, and
Maximum S| Valuesfor 43 Tested Substances

Traditional LLNA: BrdU-
Substance Name Product Use! Chemical Class® LLNA EC3 ELISA EC1.6
(Maximum SI)? | (Maximum SI)?

5-Chloro-2-methyl-4-
isothaizolin-3-one”

Sulfur Compounds;

C tics; Manufacturing; Pesticides .
OSmEtes, Y & Heterocyclic Compounds

0.009 (27.7) 0.065 (4.8)

Manufacturing; Pesticides;

Pharmaceuticals Quinones 0.010 (52.3) 0.150 (6.9)

p-Benzoquinone

Hydrocarbon, Halogenated;
2,4-Dinitrochlorobenzene” | Manufacturing; Pesticides Nitro Compounds; 0.049 (43.9) 0.032 (18.8)
Hydrocarbons, Cyclic

Diphenylcyclopropenone | Pharmaceuticals Hydrocarbons, Cyclic 0.050 (NA) 0.450 (19.1)
Glutaraldehyde Cosmetics; Disinfectant; Manufacturing; | 13040 o 0.083 (18.0) 0.115 (28.6)
Pesticides
4-Phenylenediamine’ Intermed1at§ in chemical synthesis; Amines 0.11 (26.4) 0.285 (14.7)
Manufacturing
Formaldehyde Disinfectant; Manufacturing Aldehydes 0.50 (4.0) 0.163 (16.6)
Inorganic Chemical,
Cobalt chloride” Manufacturing; Pesticides Elements; Inorganic 0.66 (7.2) 0.316 (3.7)
Chemical, Metals
4-Methylaminophenol Manufacturing Amines; Phenols 0.8 (6.7) 1.081 (4.0)
sulfate
trans-Cinnamaldehyde Food Additive; Fragrance Agent Aldehydes 1.4 (13.1) 1.530 (5.9)
Isoeugenol” Food Additive; Fragrance Agent Carboxylic Acids 1.5 (31.0) 5.156 (8.4)
2-Mercaptobenzothiazole” | Manufacturing; Pesticides Heterocyclic Compounds 1.7 (8.6) 12.097 (1.6)

continued



TableC-1 Product Use and Chemical Classification, Traditional LLNA EC3 Values, LLNA: BrdU-ELISA EC1.6 Values, and
Maximum S| Valuesfor 43 Tested Substances (continued)
Traditional LLNA: BrdU-
Substance Name Product Use' Chemical Class’ LLNA EC3 ELISA EC16
(Maximum SI)? | (Maximum SI)?
Cosmetics; Food Additive; Fragrance
. . Agent; Intermediate in chemical
Cinnamic aldehyde synthesis; Personal Care Products: Aldehydes 1.9 (18.4) 4.808 (4.0)
Pesticides
3-Aminophenol Cosmetics; Pharmaceuticals Amines; Phenols 3.2(5.7) 2.990 (3.1)
Diethyl maleate Food Additive; Intermediate in chemical = | (4 1ic Acids 3.6 (22.6) 8.049 (6.3)
synthesis
Trimellitic anhydride Manufacturing ﬁi‘&-‘ysd“d“; Carboxylic 4.7 (4.6) 0.862 (7.9)
Inorganic Chemicals,
Nickel sulfate Manufacturing Metals; Inorganic 4.8 (3.1) 1.027 (4.5)
Chemicals, Elements
Intermediate in chemical synthesis;
4-Chloroaniline Manufacturing; Pesticides; Amines 9.00 (3.3) 11.029 (2.5)
Pharmaceuticals
Cosmetics; Food Additive; Alcohols: Sulfur
Sodium lauryl sulfate” Manufacturing; Personal Care Products; S 8.1(8.9) 13.334 (2.6)
.. . Compounds; Lipids
Pesticides; Pharmaceuticals
Citral® Fragrance Agent Hydrocarbons, Other 9.2 (20.5) 7.143 (16.4)
Hexyl cinnamic aldehyde” | Food Additive; Fragrance Agent Aldehydes 9.7 (20.0) 12.920 (13.5)
Cosmetics; Food Additive; Intermediate
Eugenol” in chemical synthesis; Manufacturing; Carboxylic Acids 10.1 (17.0) 8.851 (17.7)
Personal Care Products; Pharmaceuticals
Phenyl benzoate” Manufacturing; Pesticides Carboxylic Acids 13.6 (11.1) 16.954 (3.4)

continued




TableC-1 Product Use and Chemical Classification, Traditional LLNA EC3 Values, LLNA
Maximum S| Valuesfor 43 Tested Substances (continued)

: BrdU-ELISA EC1.6 Values, and

Traditional LLNA: BrdU-
Substance Name Product Use' Chemical Class’ LLNA EC3 ELISA EC16
(Maximum SI)? | (Maximum SI)?

Cosmetics; Food Additive; Fragrance

Cinnamic alcohol’ Agent; Intermediate in chemical Alcohols 21.0(5.7) 24.091 (2.7)
synthesis; Personal Care Products

Cyclamen aldehyde Food Additive; Fragrance Agent Aldehydes 22.3(5.2) 41.496 (5.7)

. Food Additive; Fragrance Agent; Personal

Hydroxycitronellal Care Products Hydrocarbons, Other 24.0 (8.5) 13.636 (4.8)

Imidazolidinyl urea’ Cosmetics; Personal Care Products; Urea 24.0(5.5) 49.545 (1.6)
Pesticides

Ethylene glycol . . .

dimethacrylate” Manufacturing Carboxylic Acids 28.0 (7.0) 31.751 (3.1)

. Cosmetics; Food Additive; Fragrance
Linalool Agent: Personal Care Products; Pesticides Hydrocarbons, Other 30.0 (8.3) 27.596 (4.7)
Ethyl acrylate Manufacturing Carboxylic Acids 32.8 (4.0) 33.333 (5.0)
. Cosmetics; Personal Care Products; . .

Isopropyl myristate Pharmaceuticals Lipids 44.0 3.4) 9.404 (4.2)
Food Additive; Manufacturing; Personal

Aniline Care Products; Pesticides; Amines 47.54.4) 73.596 (2.1)
Pharmaceuticals

2-Hydroxypropyl Intermediate in chemical synthesis; . .

methacrylate Manufacturing Carboxylic Acids NC (1.3) NC (1.1)

. Cosmetics; Manufacturing; Personal Care . .
Diethyl phthalate Products; Pesticides; Pharmaceuticals Carboxylic Acids NC (1.5) NC (0.9)
Dimethyl isophthalate Manufacturing; Fragrance Agent Carboxylic Acids NC (1.0) NC (1.3)

continued




TableC-1

Maximum S| Valuesfor 43 Tested Substances (continued)

Product Use and Chemical Classification, Traditional LLNA EC3 Values, LLNA: BrdU-ELISA EC1.6 Values, and

Traditional LLNA: BrdU-
Substance Name Product Use' Chemical Class’ LLNA EC3 ELISA EC16
(Maximum SI)? | (Maximum SI)?

Cosmetics; Food Additive; Intermediate
in chemical synthesis; Manufacturing; )

Glycerol Personal Care Products; Pharmaceuticals; Alcohols; Carbohydrates NC (1.1) NC (1.3)
Solvent

Hexane Manufacturing; Solvent Hydrocarbons, Acyclic NC (2.2) 56.328 (1.9)
Cosmetics; Disinfectant; Food Additive;

« Intermediate in chemical synthesis; 4

Isopropanol Manufacturing; Personal Care Products; Alcohols NC(1.7) 3.344 (2.2)
Pharmaceuticals; Solvent

Lactic acid’ Food Additive; Manufacturing; Carboxylic Acids NC (2.2) 15.177 2.5)
Pharmaceuticals
Cosmetics; Food Additive; Fragrance

Methyl salicylate” Agent; Personal Care Products; Carboxylic Acids NC (2.9) NC (1.4)
Pharmaceuticals; Solvent

Salicylic acid’ Food Additive; Manufacturing; Phenols; Carboxylic Acids NC (2.5) NC (1.3)
Pharmaceuticals

o . Hydrocarbons, Cyclic;

Sulfanilamide Pharmaceuticals Sulfur Compounds NC (1.0) NC (1.3)
Cosmetics; Food Additive; Intermediate

Propylene glycol in chemical synthesis; Personal Care Alcohols NC (1.6) NC (1.6)

Products; Pharmaceuticals; Solvent

Abbreviations: EC1.6 = estimated concentration (expressed as percentage) needed to produce SI = 1.6; EC3 = estimated concentration (expressed as
percentage) needed to produce SI = 3; LLNA = murine local lymph node assay; LLNA: BrdU-ELISA= local lymph node assay with enzyme-linked
immunosorbent assay detection of bromodeoxyuridine; NA = not available; NC = not calculated since maximum SI < 3.0 for the traditional LLNA or
maximum SI < 1.6 for the LLNA: BrdU-ELISA; SI = stimulation index.

" Reference substance from ICCVAM (2009).

' Information gathered from the following databases: Hazardous Substances Database (http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB); Haz-Map
(http://hazmap.nlm.nih.gov/); Household Products Database (http://hpd.nlm.nih.gov/index.htm); International Programme on Chemical Safety INCHEM
database (http://www.inchem.org/); and the National Toxicology Program (http://ntp.niehs.nih.gov:8080/index.html?col=010stat).
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2 Chemical classifications based on the Medical Subject Headings classification for chemicals and drugs, developed by the National Library of Medicine
(http://www.nlm.nih.gov/mesh/meshhome.html).

> Mean EC3 (expressed as % concentration) and maximum SI values are from the NICEATM database of traditional LLNA studies. EC1.6 and SI values for
individual LLNA: BrdU-ELISA tests are provided in Annex IV of the BRD (Appendix C).

* Highest SI of seven tests. Because the majority (five) of the seven tests, had SI values < 1.6, isopropanol is considered to be a nonsensitizer in the LLNA:
BrdU-ELISA.
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40 ReferenceData

Thirty-five of the 43 substances previously tested in the traditional LLNA were considered in the
original evaluation of the LLNA by ICCVAM (ICCVAM 1999). The traditional LLNA reference data
used for the accuracy evaluation described in Section 6.0 were obtained from ICCVAM (1999) for
33 of these substances (Annex I11). The traditional LLNA data for the two remaining substances
included in the original LLNA evaluation (ICCVAM 1999), aniline and nickel sulfate, were obtained
from more recent sources, Gerberick et al. (2005) and Ryan et al. (2002), respectively. The traditional
LLNA results in ICCVAM (1999) for these two substances were negative, but the subsequent tests at
higher concentrations produced positive results. The traditional LLNA data for the remaining eight
substances that were not considered in the original ICCVAM evaluation (ICCVAM 1999),
trans-cinnamaldehyde, cinnamic alcohol, cyclamen aldehyde, diethyl maleate, ethyl acrylate,
glutaraldehyde, isopropyl myristate, and linalool, were obtained from Gerberick et al. (2005),
Gerberick et al. (2005), Basketter et al. (2005), Gerberick et al. (2005), Gerberick et al. (2005), Hilton
et al. (1998), Ryan et al. (2000), and Gerberick et al. (2005), respectively.

The reference data for the GP tests (guinea pig maximization test [GPMT] or Buehler test) and human
tests (human maximization test, human patch test allergen, or other human data) were obtained from
Marzulli and Maibach (1974), Marzulli and Maibach (1980), Opdyke (1976), Bjorkner (1984), Gad et
al. (1986), Jordan and King (1977), Klecak et al. (1997), ICCVAM (1999), Basketter et al. (1999b,
2005), Basketter and Scholes (1992), Kwon et al. (2003), Robinson et al. (1990), Takeyoshi et al.
(2004a), Van der Walle et al. (1982), and Takeyoshi et al. (2007a) (Annex 111). Although there were
no traditional LLNA data available for the eugenol dimers (dihydroxyl-3,3'-dimethoxy-5,5'-diallyl-
biphenyl and 4,5'-diallyl-2'-hydroxy-2,3'-dimethoxyphenyl ether) or the isoeugenol dimers (4-[1-
Hydroxy-2-(2-methoxy-4-propenyl-phenyoxy)-propyl]-2-methoxy-phenol and 2-Methoxy-4-(7-
methoxy-3-methyl-5-propenyl-2,3-dihydro-benzofuran-2yl)-phenol), Takeyoshi et al. (2004a and
2007a, respectively) provided results from the GPMT for these compounds.

An independent quality assurance contractor for the NTP audited the traditional LLNA data provided
in ICCVAM (1999). Audit procedures and findings are presented in the quality assurance report on
file at the NIEHS. The audit supports the conclusion that the transcribed test data in the submission
were accurate, consistent, and complete as compared to the original study records.



50 Test Method Data and Results

The LLNA: BrdU-ELISA data evaluated in this technical summary were obtained from individual
animal data that were submitted to NICEATM. These data supported six published studies
(Takeyoshi et al. 2003, 2004a, 2004b, 2005, 2006, 2007a), one platform presentation (Takeyoshi et al.
2007b), one poster presentation (Kojima et al. 2008), and unpublished data submitted by

Dr. Takeyoshi in January 2009. Unpublished data submitted by Dr. Takeyoshi in May and August
2009, after the Panel review, are included in the accuracy (Section 6) and reproducibility analyses
(Section 7) in this final BRD because they were evaluated by the OECD Expert Consultation on the
LLNA. Unpublished data for three additional substances (xylene, chlorobenzene, and nickel chloride)
and repeat tests of two previously tested substances (2-mercaptobenzothiazole and imidazolidinyl
urea) using different vehicles were submitted after the OECD Expert Consultation. Because they
could not be considered in an independent peer review, these data are not considered in the accuracy
and reproducibility analyses; however, they are included in Annex V. The data for the repeat tests are
discussed where relevant.

All test results were obtained using the protocol in Annex |. The substances tested by Takeyoshi et al.
were not coded to prevent the possibility of bias in the interpretation of test results. The
interlaboratory validation study reported by Kojima et al. (2008); however, used coded test substances
to mask the identity of the test substances from the testing laboratories. Annex |1 contains summary
data for the LLNA: BrdU-ELISA and comparative reference data for the 47 substances tested in these
studies, and Annex 1V contains the individual animal data for the LLNA: BrdU-ELISA.



6.0 Test Method Accuracy

A critical component of a formal evaluation of the validation status of a test method is an assessment
of the accuracy of the proposed tested method when compared to the current reference test method
(ICCVAM 2003). Additional comparisons should also be made against available human data,
including experience from testing or accidental exposures. This aspect of assay performance is
typically evaluated by calculating:

e Accuracy (concordance): the proportion of correct outcomes (positive and negative)
of a test method

e  Sensitivity: the proportion of all positive substances that are classified as positive

e Specificity: the proportion of all negative substances that are classified as negative

e  False positive rate: the proportion of all negative substances that are incorrectly
identified as positive

o False negative rate: the proportion of all positive substances that are incorrectly
identified as negative

6.1 LLNA: BrdU-ELISA Database Used for the Accuracy Analysis

Forty-three of the 47 substances listed in Table C-1 had sufficient LLNA: BrdU-ELISA and
traditional LLNA data to conduct an accuracy analysis. The eugenol dimers (dihydroxyl-3,3'-
dimethoxy-5,5'-diallyl-biphenyl and 4,5'-diallyl-2'-hydroxy-2,3'-dimethoxyphenyl ether) and the
isoeugenol dimers (4-[ 1-Hydroxy-2-(2-methoxy-4-propenyl-phenyoxy)-propyl]-2-methoxy-phenol
and 2-methoxy-4-(7-methoxy-3-methyl-5-propenyl-2,3-dihydro-benzofuran-2yl)-phenol) were
excluded from the accuracy analyses because traditional LLNA data for these substances were not
identified.

Of the 43 substances tested with both LLNA: BrdU-ELISA and the traditional LLNA, 35 had GP data
for a comparison of the performance of the LLNA: BrdU-ELISA vs. GP data with that of the
traditional LLNA vs. GP data. No GP data were found for trans-cinnamaldehyde, cyclamen aldehyde,
diethyl maleate, diphenylcyclopropenone, hexane, isopropyl myristate, or linalool. Additionally, 3-
aminophenol was excluded from the accuracy analyses for the dataset with LLNA: BrdU-ELISA,
traditionil LLNA, and GP data since the available GP data were generated with a nonstandard GPMT
protocol.

Of the 43 substances tested with both LLNA: BrdU-ELISA and the traditional LLNA, 41 had human
data for a comparison of the performance of the LLNA: BrdU-ELISA vs. human data with that of the
traditional LLNA vs. human data. No human data for trans-cinnamaldehyde or trimellitic anhydride
were located. The complete set of comparative data for each substance is located in Annex |11.

Multiple tests were available for 18 substances tested with the LLNA: BrdU-ELISA. For the accuracy
analyses, results using the same vehicle for multiply tested substances were combined so that each
substance was represented by one result for the accuracy analysis. In this case, the single result used
for each substance represented the outcome that was most prevalent. For example, using SI > 2.0 to
identify sensitizers, isopropanol was a nonsensitizer because five of the seven tests for isopropanol
had SI < 2. If the number of positive and negative outcomes were equal, the most conservative (i.e.,
positive) result was used for the accuracy analyses. If there were multiple test results with multiple
vehicles for a substance, the vehicle that matched that used in the traditional LLNA was used in the
accuracy analysis. For example, of the five tests for glutaraldehyde, two tests used acetone: olive oil

* The nonstandard GP protocol did not include the 48-hour topical patch induction that should follow induction
by intradermal injection and it replaced the 24-hour skin patch challenge (usually 2 weeks after topical
induction) with a 6-hour skin patch challenge (Basketter D, personal communication).



(4:1) (AOO) as the solvent (Takeyoshi et al. 2005), and three tests used acetone as the solvent
(Kojima et al. 2008). The tests that used acetone for the solvent were used for the accuracy analyses
because the solvent matches that used for the traditional LLNA reference data.

6.2  Accuracy AnalysisUsing the SI > 2.0 Decision Criterion

The performance characteristics of the LLNA: BrdU-ELISA were first evaluated using the criterion
of SI > 2.0 to identify sensitizers, which was the threshold for a positive response used in the
interlaboratory validation study (the complete protocol used in the validation study is included in
Annex |).

Of the 18 substances with multiple test results, discordant test results were noted among tests for six
of the substances with multiple test results: cyclamen aldehyde, hydroxycitronellal, linalool,
formaldehyde, isopropanol, and lactic acid. For all six substances, the solvents used for each test were
the same. Dr. Takeyoshi tested cyclamen aldehyde (2007b and unpublished), hydroxycitronellal
(2007b and unpublished), and linalool (both unpublished) twice; for each substance one test produced
SI < 2 and the other test produced SI> 2.

e  Cyclamen aldehyde tests yielded SI=1.97 and 5.71.
e  Hydroxycitronellal tests yielded SI = 1.34 and 4.78.
e Linalool tests yielded SI = 1.45 and 4.65.

Other discordances included:

e  One of the three laboratories in the interlaboratory validation study reported an SI of
1.97 for formaldehyde, while the others produced SI > 2 (SI=4.40 and 16.59)
(Kojima et al. 2008).

e  Two of the seven tests of isopropanol yielded SI > 2 (SI = 2.04 and SI = 2.22), while
the others yielded SI <2 (SI=0.92, 0.94, 0.98, 1.01, and 1.57). The discordant tests
were obtained by two of the six laboratories in the interlaboratory validation study.

e  One of the three tests for lactic acid from the interlaboratory validation study
produced SI> 2 (i.e., SI =2.53), while the others yielded SI <2 (SI=1.80 and 1.89)
(Kojima et al. 2008).

6.2.1 Accuracy vs. the Traditional LLNA

When compared to the traditional LLNA and using a decision criteria of SI > 2.0 to identify
sensitizers, the LLNA: BrdU-ELISA had an accuracy of 95% (41/43), a sensitivity of 94% (30/32), a
specificity of 100% (11/11), a false positive rate of 0% (0/11), and a false negative rate of 6% (2/32)
(Table C-2).

6.2.2 Accuracy vs. Guinea Pig Data

When the accuracy of the LLNA: BrdU-ELISA (SI> 2.0) and the traditional LLNA were compared
based on their performance relative to GP tests, the LLNA: BrdU-ELISA had a lower accuracy (86%
[30/35] vs. 91% [32/35]) and sensitivity (91% [20/22] vs. 100% [22/22]), and higher false negative
rate (9% [2/22] vs. 0% [0/22]; Table C-2). The specificity (77% [10/13]) and the false positive rate
(23% [3/13]) for the LLNA: BrdU-ELISA and the traditional LLNA were the same when they were
compared with GP data.

6.2.3 Accuracy vs. Human Data

When the accuracy of the LLNA: BrdU-ELISA (SI> 2.0) and the traditional LLNA were compared
based on their performance relative to the available human data, the LLNA: BrdU-ELISA had a lower



accuracy (73% [30/41] vs. 78% [32/41]) and sensitivity (77% [24/31] vs. 84% [26/31]) and a higher
false negative rate (23% [7/31] vs. 16% [5/31]) than the traditional LLNA (Table C-2). The
specificity (60% [6/10]) and the false positive rate (40% [4/10]) for the LLNA: BrdU-ELISA and the
traditional LLNA were the same when they were compared to human data.



TableC-2

Performance of the LLNA: BrdU-ELISA in Predicting Skin-Sensitizing Potential Using the Decision Criterion of
Sl >2.0to Identify Sensitizers

False False Positive Negative
Comparison o Accuracy Sensitivity Specificity Positive Negative Predictivity | Predictivity
Rate Rate

% No.> | % No.” | % No.” | % No.” | % No.” | % No.” | % No.?
BrdU-ELISA
vs. Traditional 43 | 95 41/43 | 94 30/32 | 100 11/11 | 0 0/11 | 6 2/32 | 100 | 30/30 | 85 11/13
LLNA
Substances with LLNA: BrdU-ELISA, Traditional LLNA, and GP Data
BrdU-ELISA
vs. Traditional 35|94 33/35 |92 23/25 1 100 10/10 | O 0/10 |8 2/25 | 100 |23/23 | 83 10/12
LLNA
LLNA: BrdU-
ELISA vs GP° 35| 86 30/35 | 91 20/22 | 77 10/13 | 23 3/13 |9 2/22 | 87 20/23 | 83 10/12
Traditional
LLNA vs GP® 35191 32/35 | 100 | 22/22 |77 10/13 | 23 3/13 |0 0/22 | 88 22/25 1 100 10/10
Substances with LLNA: BrdU-ELISA, Traditional LLNA, and Human Data
BrdU-ELISA
vs. Traditional 41 | 95 39/41 | 93 28/30 | 100 11/11 |0 0/11 |7 2/30 | 100 11/11 | 100 | 28/28
LLNA
LLNA: BrdU-
ELISA vs. 41 | 73 30/41 | 77 24/31 | 60 6/10 | 40 4/10 | 23 7/31 | 86 24/28 | 46 6/13
Human*
Traditional
LLNA vs. 41 | 78 32/41 | 84 26/31 | 60 6/10 |40 4/10 | 16 5/31 | 87 26/30 | 54 6/11
Human*

Abbreviations: LLNA: BrdU-ELISA = murine local lymph node assay with enzyme-linked immunosorbent assay detection of bromodeoxyuridine; GP =

guinea pig skin sensitization outcomes; LLNA = murine local lymph node assay; No. = number; SI = stimulation index.

1

n = number of substances included in this analysis.

* The data on which the percentage calculation is based.




3 GP refers to outcomes obtained by studies conducted using either the Guinea Pig Maximization Test or the Buehler Test.

* Human refers to outcomes obtained by studies conducted using the human maximization test, the human repeat insult patch test, inclusion of the test
substance in a human patch test allergen kit, and/or published clinical case studies/reports.



6.3  Accuracy Analysis (Sl > 2.0) Based on the ICCVAM Performance Standards
Reference Substances

ICCVAM has developed recommended test method performance standards for the traditional LLNA
(ICCVAM 2009°), which are proposed to evaluate the performance of modified LLNA test methods
that are mechanistically and functionally similar to the traditional LLNA. Because the validation
studies for the LLNA: BrdU-ELISA test method were completed prior to the development of LLNA
performance standards and because all of the reference substances had not been tested, the

LLNA: BrdU-ELISA was not evaluated using the ICCVAM-recommended LLNA performance
standards. Thus, the LLNA: BrdU-ELISA test results for the ICCVAM-recommended LLNA
performance standards reference substances were evaluated to provide a general comparison of
performance. As shown in Table C-3, 16 of the 18 required reference substances included in the
ICCVAM LLNA Performance Standards have been tested in the LLNA: BrdU-ELISA. Fourteen of
the 16 substances yielded the same sensitizer/nonsensitizer outcome in the LLNA: BrdU-ELISA as in
the traditional LLNA.

Because all of the required ICCV AM-recommended LLNA performance standards reference
substances had not been tested in the LLNA: BrdU-ELISA, selected characteristics of the substances
tested in the LLNA: BrdU-ELISA were compared with those of the reference substances. Table C-4
shows traditional LLNA and other selected characteristics of the 43 substances with traditional LLNA
data that were tested in the LLNA: BrdU-ELISA. The characteristics of these substances are
compared to the characteristics of the 18 required reference substances from the ICCVAM-
recommended LLNA performance standards (ICCVAM 2009). The table indicates that, although not
all of the 18 required reference substances from the ICCV AM-recommended performance standards
reference substances have been tested, the characteristics of the substances tested in the

LLNA: BrdU-ELISA is similar to that included in the performance standards list. In general, there is
a proportionally increased number of substances tested in the LLNA: BrdU-ELISA in each of the
categories included in the table.

> Available at http://iccvam.niehs.nih.gov/methods/immunotox/llna_PerfStds.htm.


http://iccvam.niehs.nih.gov/methods/immunotox/llna_PerfStds.htm

Table C-3 Performance of the LLNA: BrdU-ELISA (S > 2.0) Using the ICCVAM Perfor mance Standar ds Reference Substances'
Recommended Performance Standards' LLNA: BrdU-EL|SA?

Substance Name Vehide | Result (Ii/lcjx (;/I"))l N° | Vehide | Result (EI\SI::'EX(OS/T; N
5-Chloro-2-methyl-4-isothiazolin-3-one DMF + 0.009 (22.7) | 1 DMF + 0.12 (4.8) 1
2, 4-Dinitrochlorobenzene AOO + 0.049 (43.9) | 15 AOO + 0.044 (18.8) 8
4-Phenylenediamine AOO + 0.11 (26.4) 6 AOO + NC (14.7) 2
Methyl methacrylate DMF + 90 (3.6) 1 NT NT NT NT
Isoeugenol AOO + 1.5 (31.0) 47 AOO + 7.6 (8.4) 2
2-Mer captobenzothiazole DMF + 1.7 (8.6) 1 DMF - NA (1.6) 1
Cobalt chloride DMSO + 0.6 (7.2) 2 DMSO + 0.63 (3.7) 1
Citral AOO + 9.2(20.5) 6 AOO + NC (16.4) 1
Hexyl cinnamic aldehyde AOO + 9.7 (20.0) 21 AOO + 17.4 (13.5) 11
Eugenol AOO + 10.1 (17.0) | 11 AOO + 9.8 (17.7) 8
Phenyl benzoate AOO + 13.6 (11.1) | 3 DMF + 28.2 (3.4) 1
Cinnamic alcohol AOO + 21 (5.7) 1 AOO + 33.2(2.7) 1
I midazolidinyl urea DMF + 24 (5.5) 1 DMF + NA (1.6) 1
Chlorobenzene® AOO - NA (1.7) 1 NT NT NT NT
Isopropanol AOO - NA (1.7) 1 AOO - NA (2.2)° 7
Lactic acid DMSO - NA (2.2) 1 DMSO - NA (2.5)° 3
Methyl salicylate AOO - NA (2.9) 9 AOO - NA (1.4) 3
Salicylic acid AOO - NA (2.5) 1 AOO - NA (1.3) 1
Ethylene glycol dimethacrylate MEK False + 28 (7.0) 1 MEK + 49.8 (3.1) 1
Sodium lauryl sulfate DMF False + 8.1 (8.9) 5 DMF + 14.6 (2.6) 1
Nickel chloride DMSO False - NA (2.4) 2 NT NT NT NT
Xylene AOO False- | 95.8(3.1) 1 NT NT NT NT

Boldface italic text highlights discordant LLNA: BrdU-ELISA vs. traditional LLNA test results.

Abbreviations: AOO = acetone: olive oil (4:1); LLNA: BrdU-ELISA= murine local lymph node assay with enzyme-linked immunosorbent assay detection

of bromodeoxyuridine; DMF = N, N-dimethylformamide; DMSO = dimethyl sulfoxide; EC3 = estimated concentration needed to produce a stimulation
index of 3; EC2 = estimated concentration needed to produce a stimulation index of 2; LLNA = murine local lymph node assay; MEK = methyl ethyl

ketone; NA = not applicable (i.e., SI outcome was less than decision criterion for sensitizers); NT = not tested; SI = stimulation index.

+ = sensitizer.

- = nonsensitizer.




Mean EC3 values (expressed as % concentration) and maximum SI values (shown in parentheses) are from the NICEATM database of traditional LLNA
studies and from Recommended Performance Standards: Murine Local Lymph Node Assay (ICCVAM 2009; available:
http://iccvam.niehs.nih.gov/methods/immunotox/llna_PerfStds.htm).

Calculated from data supporting Takeyoshi et al. (2003, 2004b, 2005, 2006, 2007a, 2007b, and unpublished) and Kojima et al (2008).
Number of values used to derive the mean EC3 or EC2 values.

Data submitted after conclusion of the independent peer review evaluations (see Annex V for data).

Based on the most prevalent outcome (i.e., 5/7 tests yielded SI < 2).

Based on the most prevalent outcome (i.e., 2/3 tests yielded SI < 2).


http://iccvam.niehs.nih.gov/methods/immunotox/llna_PerfStds.htm�

Table C-4 Characteristics of the Substances Tested in the LLNA: BrdU-ELISA vs. the
ICCVAM Performance Standar ds Refer ence Substances
EC3 Range No. Solid/ Actual EC3 | Maximum Sl Human Peptide Reactivity
(%) Chems | Liquid Range (%) Range Data |(Hi/Mod/Min/Lo/Unk)?
5 3/3 0.009-0.083( 18.0-52.3 5 5/0/0/0/0
<0.1
2 1/1 0.009 - 0.05 22.6-523 2 2/0/0/0/0
4 3/1 0.11-0.8 40-26.4 4 0/1/0/0/3
>0.1to<1
2 2/0 0.11-0.6 6.7-753 2 0/0/0/0/2
12 5/7 1.4-9.7 3.1-310 10 2/0/1/1/8
>1to<10
4 1/3 1.5-9.7 8.6-29.5 4 1/0/1/0/2
11 3/8 10.1-47.5 34-17.0 11 1/o/1/2/7
>10 to <100
5 3/2 10.1-90 5.5-70.3 5 0/1/0/0/4
11 a7 NC 1.0-29 11 0/0/7/1/3
Negative
5 1/4 NC 09-2.8 3 0/0/2/0/3
43 18/25 | 0.009 —47.5 0.9-52.3 41 8/1/9/4/21
Overall
18 10/8 0.009 - 24 0.9-753 16 3/1/3/0/11

Boldface text represents characteristics of the LLNA: BrdU-ELISA database.

Abbreviations: Chems = chemicals; EC3 = estimated concentration needed to produce SI = 3; Hi = high;
LLNA: BrdU-ELISA = murine local lymph node assay with enzyme-linked immunosorbent assay detection
of bromodeoxyuridine; Lo = low; Min = minimal; Mod = moderate; NC = not calculated because maximum
SI < 3; No. = number; SI = stimulation index; Unk = unknown.

' From Recommended Performance Standards: Murine Local Lymph Node Assay (ICCVAM 2009; available:
http://iccvam.niehs.nih.gov/methods/immunotox/llna_PerfStds.htm. Includes the 18 “required” substances for

testing.

? Data obtained from Gerberick et al. (2007b)

6.4

Discordant Resultsfor Accuracy AnalysisUsing the Sl > 2.0 Decision Criterion

6.4.1 Discordance Between the LLNA: BrdU-ELISA and the Traditional LLNA

When the outcomes for the 43 substances tested in the LLNA: BrdU-ELISA (using SI > 2.0) and the
traditional LLNA were compared, the classifications for two substances were different. The

LLNA: BrdU-ELISA classified imidazolidinyl urea and 2-mercaptobenzothiazole as nonsensitizers,
while the traditional LLNA classified them as sensitizers (i.e., false negative outcome) (Table C-5).
Both substances were tested in NV, N-dimethylformamide (DMF) in the LLNA: BrdU-ELISA and the

traditional LLNA tests. Both substances are solids. No commonalities in chemical class, size, peptide
reactivity (see Annex |1 for physicochemical information), traditional LLNA potency, or potential for
skin irritation were noted in these substances.


http://iccvam.niehs.nih.gov/methods/immunotox/llna_PerfStds.htm�

Imidazolidinyl urea is classified as a urea compound. It has a molecular weight (MW) of

388.39 g/mole. It was originally tested in the LLNA: BrdU-ELISA at 10% and 50% (SI = 0.73 and
1.61, respectively). The EC3 value for the traditional LLNA is 24%. No peptide reactivity
information is available. An additional LLNA: BrdU-ELISA test for imidazolidinyl urea that was
submitted after the Panel review and OECD Expert Consultation indicated that testing at higher
concentrations and in DMSO will increase the response (Annex V). The additional test used 50% and
75% imidazolidinyl urea in DMSO and produced SI values of 1.65 and 2.27, respectively.

2-Mercaptobenzothiazole is classified as a heterocyclic compound and has a MW of 167.26 g/mole. It
was originally tested in the LLNA: BrdU-ELISA at 12.5%, 25%, and 50% (SI=1.62, 1.36, and 1.49,
respectively). The EC3 value for the traditional LLNA is 1.7%. Peptide reactivity is high. It is labeled
as a skin irritant at the concentrations tested in the LLNA: BrdU-ELISA, but imidazolidinyl urea is
not. An additional LLNA: BrdU-ELISA test for 2-mercaptobenzothiazole that was submitted after the
Panel review and OECD Expert Consultation on the LLNA indicated that testing with dimethyl
sulfoxide (DMSO) as the vehicle increases the response (Annex V). The additional test used 10% and
25% 2-mercaptobenzothiazole and produced SI values of 1.50 and 2.23, respectively.

Table C-5 Discordant Resultsfor LLNA: BrdU-ELISA (Sl >2.0) Compared to Traditional
LLNA and Guinea Pig Reference Data®
. .3 | LLNA: BrdU- Traditional | GuineaPig , : -
Substance Name® | Vehicle ELISA® LLNA* Studies | SKin Irritant’
Imidazolidinyl urea DMF - + N Nonirritant at
(24.0%) (1.61, 50%) (5.5, 50%) <75% (GP)
Nonirritant at
2-Mercaptobenzo- DMF - + . <10% (GP);
thiazole (1.7%) (1.62, 50%)’ (8.6, 10%) Nonirritant at
25% (humans)
Ethyl acrylate AOO + + Nonirritant at
(32.8%) (4.95, 100%) (4.0, 50%) - 3% (GP)
g:ri}élt;r;irg}fll};lctg 1 MEK - " Nonirritant at
() 0 — 0
(28.0%) (3.11, 100%) (7.0, 50%) 1% (GP)
Irritant at 20%
aq. (rabbits);
1 o
Sodium lauryl DMF + + Irr(lfillﬁl:lf)(_) %
) 1) 0 — >
sulfate (8.1%) (2.64, 16.7%) (8.9, 20%) Trritant at 10%
in DMF
(mice)

Abbreviations: AOO = acetone: olive oil (4:1); aq = aqueous; DMF = N, N-dimethylformamide; LLNA: BrdU-
ELISA= murine local lymph node assay with enzyme-linked immunosorbent assay detection of
bromodeoxyuridine; GP = guinea pig; LLNA = murine local lymph node assay; MEK = methyl ethyl ketone;

SI = stimulation index.
+ = sensitizer.

- = nonsensitizer.

' Data sources provided in Annex 111-1.

* Numbers in parentheses are the EC3 values for the traditional LLNA (from Table C-1).




* Vehicles apply to tests for both the LLNA: BrdU-ELISA and the traditional LLNA.
* Numbers in parentheses are highest SI values and maximum concentrations tested.

> Highest SI occurred at concentration of 12.5%.

6.4.2 Discordance AmongtheLLNA: BrdU-ELISA, the Traditional LLNA, and/or the
Guinea Pig Test

For the 35 substances with LLNA: BrdU-ELISA, traditional LLNA, and GP test results, five
substances produced results that were discordant with GP test results (T able C-5). Two substances
were negative in the LLNA: BrdU-ELISA and positive in the GP, and three substances were positive
in the LLNA: BrdU-ELISA and negative in the GP. The LLNA: BrdU-ELISA results for
imidazolidinyl urea and 2-mercaptobenzothiazole were negative, while the GP results were positive.
As noted in Section 6.4.1, there were few commonalities associated with these two discordant
substances.

Ethyl acrylate, ethylene glycol dimethacrylate, and sodium lauryl sulfate (SLS) were classified as
sensitizers by the LLNA: BrdU-ELISA and traditional LLNA and as nonsensitizers by GP tests
(Table C-5). There were a few commonalities among these substances with regard to chemical class,
physical form, MW, peptide reactivity (see Annex || for physicochemical information), the range of
EC3 values (based on traditional LLNA, see Table C-1), and potential for skin irritation

(Annex 111-1):

e  Ethyl acrylate and ethylene glycol dimethacrylate are carboxylic acids; SLS is an
alcohol, sulfur, and lipid compound.

e  Ethylene glycol dimethacrylate and ethyl acrylate are liquids; SLS is a solid.

e  MWsranged from 100.10 to 288.38 g/mol.
Peptide reactivity for ethyl acrylate and ethylene glycol dimethacrylate is high;
peptide reactivity data for SLS is not available.

o  Ethyl acrylate (EC3 = 32.8%) and ethylene glycol dimethacrylate (EC3 =28%) are
weak sensitizers in the traditional LLNA; SLS (EC3 = 8.1%) is somewhat stronger.

e  Ethyl acrylate, ethylene glycol dimethacrylate, and SLS were tested at irritating
concentrations in the LLNA: BrdU-ELISA, based on skin irritation data from guinea
pigs, humans, or mice.

6.4.3 Discordance Amongthe LLNA: BrdU-ELISA, the Traditional LLNA, and/or the
Human Outcome

When analyses were restricted to the 41 substances with LLNA: BrdU-ELISA, traditional LLNA, and
human outcomes, the LLNA: BrdU-ELISA misclassified 11 substances. Both the LLNA: BrdU-
ELISA and the traditional LLNA misclassified five human sensitizers (diethyl phthalate, 2-
hydroxypropylmethacrylate, isopropanol, propylene glycol, and sulfanilamide) as nonsensitizers
(Table C-6). The LLNA: BrdU-ELISA also misclassified two other sensitizers as nonsensitizers that
were correctly classified by the traditional LLNA (2-mercaptobenzothiazole and imidazolidinyl urea).
There were a few commonalities among these seven substances with regard to chemical class,
physical form, MW, peptide reactivity (see Annex || for physicochemical information), the range of
EC3 values (based on traditional LLNA, see Table C-1), and potential for skin irritation

(Annex 111-1):

o Diethyl phthalate and 2-hydroxypropylmethacrylate are carboxylic acids; isopropanol and
propylene glycol are alcohols; sulfanilamide is a cyclic hydrocarbon and sulfur compound; 2-
mercaptobenzothiazole is a heterocyclic compound; and imidazolidinyl urea is a urea.



e Diethyl phthalate, isopropanol, and propylene glycol are liquids; while the other four compounds

are solids.

e MWsranged from 60.1 to 222.2 g/mol.
e Peptide reactivity for diethyl phthalate, isopropanol, and propylene glycol is minimal; the peptide

reactivity for 2-hydroxypropylmethacrylate is low; the peptide reactivity for 2-

mercaptobenzothiazole is high; and peptide reactivity information for sulfanilamide and

imidazolidinyl urea is unavailable.
e 2-Mercaptobenzothiazole is a strong sensitizer in the traditional LLNA (EC3 = 1.7%);

imidazolidinyl urea is a weak sensitizers (EC3 = 24%); the other four substances are LLNA

nonsensitizers.

e Diethyl phthalate, isopropanol, and imidazolidinyl urea were tested at nonirritating
concentrations, but the other four substances were not, based on skin irritation data from guinea
pigs, rabbits, and humans.

Four human nonsensitizers were classified as sensitizers by the LLNA: BrdU-ELISA and the
traditional LLNA: isopropyl myristate, cyclamen aldehyde, linalool, and SLS. There were a few
commonalities among these substances with regard to chemical class, physical form, MW, peptide
reactivity (see Annex |1 for physicochemical information), the range of EC3 values (based on
traditional LLNA, see Table C-1), or potential for skin irritation (Annex | 11-1):

e Isopropyl myristate and SLS are lipids; cyclamen aldehyde is an aldehyde; linalool is a

hydrocarbon; and SLS is also an alcohol and sulfur compound.

o Isopropyl myristate, cyclamen aldehyde, and linalool are liquids; and SLS is a solid.

e  MWsranged from 154.2 to 288.4 g/mol.
Peptide reactivity for isopropyl myristate is minimal; peptide reactivity for cyclamen aldehyde is
low; and peptide reactivity information for linalool and SLS is unavailable.

e Isopropyl myristate (EC3 = 44.0%), cyclamen aldehyde (MW = 22.3%), and linalool (EC3 =
30.0%) are weak traditional LLNA sensitizers, while SLS (EC3 = 8.1%) is a stronger sensitizer.

e Isopropyl myristate was tested at nonirritating concentrations; cyclamen aldehyde, linalool, and
SLS were tested at irritating concentrations, based on skin irritation data from rabbits, humans, or

mice.
Table C-6 Discordant Resultsfor LLNA: BrdU-ELISA (Sl > 2.0) When Compared to
Traditional LLNA and Human Outcome Data®
LLNA: "
Substance Name? | Vehicle® BrduU- Tradltlogaj Humans Skin Irritant?
LLNA Outcome
ELISA*
. - - + Nonirritant at
Diethyl phthalate | AQO 1 g5 5005) | (1.5, 100%) (HPTA) | <100% (rabbits)
+
2-Hydroxypro- - - Nonirritant at
pylmethacrylate ABO 1113, 50%) | (1.3, 50%) ("a(sfl?%dy’ <10% (GP)
* Nonirritant at
Isopropanol AOO | 592 5006 | (1.7, 50%)" ("gsgoslt};gy’ <100% (rabbits)

continued




Table C-6

Traditional LLNA and Human Outcome Data® (continued)

Discordant Resultsfor LLNA: BrdU-ELISA (Sl > 2.0) When Compared to

LLNA: Traditional Human
Substance Name® | Vehicle® Brdu- | L NA® o 5 Skin Irritant?
ELISA* utcome
8 - - + Nonirritant at
Propylene glycol AOO (1.57,50%) | (1.6, 100%) (HPTA) <25% (humans)
I - - + Nonirritant at
Sulfanilamide DME 1 1 56 509%) | (1.0,50%)° | (5/25,25%) | <25% (humans)
Nonirritant at
2-Mercaptoben- DMF - + + <10% (GP);
zothiazole (1.7%) (1.62, 50%)" (8.6, 10%) (5/24, 10%) Nonirritant at
25% (humans)
Imidazolidinyl urea DMF - + + Nonirritant at
(24.0%) (1.34, 100%) (5.5, 50%) (2/150, 2%) <75% (GP)
Isopropyl myristate AOO + + - Nonirritant at
(44.0%) (4.20, 50%) (3.4, 100%) (0/25,20%) | <100% (rabbits)
J’_
+ - Irritant at 100%
Cyclamen AOO 1.97 and .
aldehyde (22.3% i 100%) | (230%) | (0/64,4%) (rabbits)
+ .
. o + - Irritant at 100%
Linalool (30.0%) AOO 4%54 51 ggf;) (8.3,100%) | (0/25,8%) (rabbits)
Irritant at 20%
aq. (rabbits);
Sodium lauryl DMF + + - Irritant at 20%
sulfate (8.1%) (3.4, 10%) (8.9,20%)" | (0/22 at 10%) (humans);
Irritant at 10% in
DMF (mice)

Abbreviations: AOO = acetone: olive oil (4:1); aq = aqueous; DMF = N, N-dimethylformamide; LLNA: BrdU-
ELISA= murine local lymph node assay with enzyme-linked immunosorbent assay detection of
bromodeoxyuridine; GP = guinea pig; HPTA = human patch test allergen; LLNA = murine local lymph node

assay.
+ = sensitizer.

- = nonsensitizer.

1
2

3

Data sources listed in Annex | 11-1.

2.04, and 2.22). Highest SI values for most tests occurred at <50%.

Highest SI occurred at 10%.

Numbers in parentheses are EC3 values for the traditional LLNA (from Table C-1).

Numbers in parentheses are highest SI values and maximum concentrations tested.

Vehicles apply to tests for both the LLNA: BrdU-ELISA and the traditional LLNA unless otherwise noted.

Information in parentheses indicates the basis for the human outcome. Numbers indicate the incidence of
positive human response and the concentration tested.

Negative based on most prevalent outcome. Highest SI of any test is shown (SI=0.92, 0.94, 0.98, 1.01, 1.57,




8 Vehicle for the traditional LLNA was distilled water.
’ Highest SI occurred at 10% and 25%.
' Highest SI occurred at 12.5%.

6.4.4 Discordance Between the LLNA: BrdU-ELISA and the Traditional LLNA When
Testing the LLNA Perfor mance Standar ds Substances

Using SI > 2.0, two discordant substances, 2-mercaptobenzothiazole and imidazolidinyl urea, were
noted among the 16 performance standards minimum reference substances tested in the

LLNA: BrdU-ELISA. The LLNA: BrdU-ELISA classified both substances as nonsensitizers, while
the traditional LLNA, GP, and human tests classified them as sensitizers. The EC3 value for
2-mercaptobenzothiazole in the traditional LLNA, 1.7%, was derived from a test of 1%, 3%, and 10%
2-mercaptobenzothiazole in DMF (Gerberick et al. 2005). The maximum SI was 8.6 at 10%. The
LLNA: BrdU-ELISA test used the same vehicle and tested concentrations of 12.5%, 25%, 50%
2-mercaptobenzothiazole, which yielded SI values of 1.62, 1.36, and 1.49, respectively. An additional
LLNA: BrdU-ELISA test of 2-mercaptobenzothiazole in DMSO that was submitted after the Panel
review and OECD Expert Consultation on the LLNA indicates that testing with DMSO as the vehicle
increases the response. The additional test used 10% and 25% 2-mercaptobenzothiazole, which
produced SI values of 1.50 and 2.23, respectively (Annex V).

The EC3 value for imidazolidinyl urea in the traditional LLNA, 24%, was derived from a test of 10%,
25%, and 50% imidazolidinyl urea in DMF (Gerberick et al. 2005). The maximum SI was 5.5 at 50%.
The LLNA: BrdU-ELISA test used the same vehicle and tested concentrations of 10% and 50%
imidazolidinyl urea, which yielded SI values of 0.73 and 1.61, respectively. An additional

LLNA: BrdU-ELISA test for imidazolidinyl urea that was submitted after the Panel review and
OECD Expert Consultation on the LLNA suggests that testing at higher concentrations and/or using
DMSO as the vehicle will increase the response. This test used 50% and 75% imidazolidinyl urea in
DMSO and produced SI values of 1.65 and 2.27, respectively (Annex V).

6.5 LLNA: BrdU-ELISA Accuracy Analysis Using Alternative Decision Criteria

In addition to the accuracy analysis using SI > 2.0 to classify substances as sensitizers, other decision
criteria were evaluated for test method performance. The traditional LLNA served as the reference
test. The performance characteristics for 15 different decision criteria for determining whether the
skin sensitization potential for the substances were positive or negative are reported in this section.
The substances evaluated were the 43 substances with both LLNA: BrdU-ELISA and traditional
LLNA data discussed in Section 6.1. The decision criteria included:

1. SlIvalues>1.3,>1.5,>1.6,>1.9,>2.0,>2.5,>3.0,>3.5, >4.0,>4.5, or >5.0

2. Statistically significant difference between any treatment group and the vehicle control
group. Absorbance values of treated groups were compared with the vehicle control
group using ANOVA with a post-hoc Dunnett’s test when multiple treatment groups
were tested, or Student’s #-test when there was only one treatment group

3. Mean absorbance values of treated groups >95% CI of the control group

4. Mean absorbance values of treated groups >2 SD or >3 SD from the control group mean

Multiple tests were available for 18 substances tested with the LLNA: BrdU-ELISA. The results for
each of these substances in the same vehicle were combined so that each substance was represented
by one sensitizer or nonsensitizer result for each criterion evaluated for the accuracy analysis. The
results were combined in three ways, and a separate accuracy analysis was performed for each
approach.



1. The sensitizer/nonsensitizer outcome for each substance was the most prevalent outcome
for each criterion. For example, for the criterion for a statistical difference between
control and treatment groups, two of the three lactic acid tests exhibited statistical
differences between the control and treated groups (i.e., produced sensitizer results).
Thus, the single outcome for lactic acid for the accuracy analysis was a sensitizer result.
If the number of positive and negative outcomes were equal, the most conservative (i.e.,
positive) result was used for the accuracy analyses.

2. The positive/negative outcome for each substance at each criterion was determined by the
outcome of the test with the highest maximum SI of the multiple tests.

3. The positive/negative outcome for each substance at each criterion was determined by the
outcome of the test with the lowest maximum SI of the multiple tests.

The analysis presented here is based on using the most prevalent outcome for substances with
multiple tests, as this is representative of the most likely outcome for a given chemical. The analyses
using the highest maximum SI and the lowest maximum SI of the multiple tests for each substance
are detailed in Annex V1.

As shown in Section 6.1, using the most prevalent outcome and the decision criterion of SI> 2.0
resulted in an accuracy of 95% (41/43), a sensitivity of 94% (30/32), a specificity of 100% (11/11), a
false positive rate of 0% (0/11), and a false negative rate of 6% (2/32) (Tables C-2 and C-7). Using
higher SI values (i.e., SI > 3.0 to SI > 5.0) as the decision criterion resulted in reduced accuracy and
higher false negative rates but the same false positive rates as compared to SI > 2.0 (Figure C-1 and
Table C-7). Using SI > 1.9 as the decision criterion produced the same performance statistics as

SI> 2.0. Using a lower SI value, down to SI > 1.5, produced the same accuracy as SI > 2.0 (95%
[41/43]), but the false positive rate increased to 18% (2/11), and the false negative rate decreased to
0% (0/32). SI > 1.3 is shown for comparison because it was previously recommended by ICCVAM
but was considered to be inadequate by the March 2008 Peer Review Panel (ICCVAM 2008). Use of
ANOVA and summary statistics (i.e., mean absorbance values of treated groups > 95% confidence
interval of the control group, or >2 or 3 SD from the control group mean), yielded accuracy values of
9%1 to 93%, with false negative rates of 0% to 6%, and false positive rates of 9% to 36%.

The optimal criterion was considered SI > 1.6 because it produced no false negatives and the accuracy
(95% [41/43]) was the highest accuracy produced by any of the criteria examined. Using the most
prevalent outcome, SI > 1.6 was the highest SI criterion that yielded no false negatives (0/32). The
lowest SI criterion that yielded no false positives (0/11) was SI> 1.9 (Table C-7). Analyses to
determine the robustness of the optimum SI criterion showed that the optimal SI criterion was stable
(Annex VI1). Taking different samples of the data as training/validation sets had relatively little
impact on the cutoff SI criterion or on the resulting number of false positives or false negatives.



Table C-7 Performance of the LLNA: BrdU-ELISA for 43 Substancesin Predicting Skin-Sensitizing Potential Using Alter native
Decision Criteriato I dentify Sensitizersand the M ost Prevalent Outcome for Substanceswith Multiple Tests
Alternative Accuracy Sensitivity Specificity Ezltsee Postive Ezltsee Megative E?:;ii::lt?vity ’I;Ireggitgi\e/ity
Criterion % | Nt | % | Not| % | N | % | No'| % | No'| % | No* | % | No.*
Statistics® 91 39/43 97 31/32 73 8/11 27 3/11 3 1/32 91 31/34 89 8/9
>95% CI’ 91 39/43 100 32/32 64 7/11 36 4/11 0 0/32 89 32/36 100 77
>2 SD* 93 40/43 100 32/32 73 8/11 27 3/11 0 0/32 91 32/35 100 8/8
>3 SD’ 93 40/43 94 30/32 91 10/11 9 1/11 6 2/32 97 30/31 83 10/12
SI>5.0 49 21/43 31 10/32 100 11/11 0 0/11 69 22/32 100 10/10 33 11/33
SI>4.5 58 25/43 44 14/32 100 11/11 0 0/11 56 18/32 100 14/14 38 11/29
SI>4.0 63 27/43 50 16/32 100 11/11 0 0/11 50 16/32 100 16/16 41 11/27
SI>3.5 72 31/43 62 20/32 100 11/11 0 0/11 38 12/32 100 20/20 48 11/23
SI1>3.0 84 36/43 78 25/32 100 11/11 0 0/11 22 7/32 100 25/25 61 11/18
SI>2.5 93 40/43 91 29/32 100 11/11 0 0/11 9 3/32 100 29/29 79 11/14
SI1>2.0 95 41/43 94 30/32 100 11/11 0 0/11 6 2/32 100 30/30 85 11/13
SI>1.9 95 41/43 94 30/32 100 11/11 0 0/11 6 2/32 100 30/30 85 11/13
SI>1.6 95 41/43 100 32/32 82 9/11 18 2/11 0 0/32 94 30/32 100 9/9
SI>1.5 95 41/43 100 32/32 82 9/11 18 2/11 0 0/32 94 30/32 100 9/9
SI>1.3 93 40/43 100 32/32 73 8/11 27 3/11 0 0/32 91 32/35 100 8/8

Abbreviations: CI = confidence interval; LLNA: BrdU-ELISA = murine local lymph node assay with enzyme-linked immunosorbent assay detection of
bromodeoxyuridine; No. = number; SD = standard deviation; SI = stimulation index.

' The proportion on which the percentage calculation is based.




2 Analysis of variance for difference of group means when substances were tested at multiple doses or ¢-test when substances were tested at one dose. The
absorbance data were log-transformed prior to analysis of variance. Significance at p < 0.05 was further tested by Dunnett’s test.

The mean absorbance of at least one treatment group was outside the 95% confidence interval for the mean absorbance of the vehicle control group.
The mean absorbance of at least one treatment group was greater than 3 SD from the mean absorbance of the vehicle control group.

The mean absorbance of at least one treatment group was greater than 2 SD from the mean absorbance of the vehicle control group.



FigureC-1 Performance of the LLNA: BrdU-EL|SA for 43 Substances with SI Compared
tothe Traditional LLNA Using the Most Prevalent Outcome for Substances
with Multiple Tests

100~ .
90
B0+

T+

G0+

Lowest False
Megative Rate > o . Positive Rata

Lowest Fake
50+

FPemrcent

= Accuracy
False +

-#- False-

30+

(T TR T PR PR PR T

20

10+ :

B e o

3 4
Stimulation Index

=
-
%]
ith=
o

As compared to traditional LLNA results, the lines show the change in performance characteristics for the
LLNA: BrdU-ELISA with the SI cutoff used to identify sensitizers. This analysis used LLNA: BrdU-ELISA
and traditional LLNA results for 32 sensitizers and 11 nonsensitizers. For the 18 substances with multiple test
results, the results for each substance were combined using the most prevalent outcome. The solid line shows
accuracy, the dashed line shows the false positive rate, and the dotted line shows the false negative rate.

The optimum decision criterion of SI > 1.6 is compared with SI > 2.0 for accuracy of the

LLNA: BrdU-ELISA against GP and human data in Table C-8. When GP test results were used as
the reference data, SI > 1.6 had higher accuracy (89% [31/35]) for SI > 1.6 vs. 86% [30/35]), lower
false negative rate (0% [0/32] for SI > 1.6 vs. 9% [2/22]), and increased false positive rate (31%
[4/13] for SI > 1.6 vs. 23% [3/13) when compared with SI > 2.0. When results were compared to
human data, SI > 1.6 produced the same accuracy (73% [30/41]), decreased the false negative rate
(16% [5/31] for SI > 1.6 vs. 23% [7/31]), and increased the false positive rate (60% [6/10] for

SI> 1.6 vs. 40% [4/10]) compared with SI>2.0.



Table C-8 Comparison of Performancefor Decision Criteriaof Sl > 1.6 (Bold) and Sl > 2.0 for Predicting Skin Sensitizing
Potential with LLNA: BrdU-ELISA
. False - .
L e False Positive . Positive Negative

Comparison n' Accuracy Sensitivity Specificity Rate gg?:tlve Predictivity | Predictivity

% No.> | % No.? | % No.? | % No.? | % No.? | % No.? | % No. ?
LLNA: BrdU-
ELISA vs. 43 95 41/43 | 100 32/32 | 82 9/11 | 18 2/11 |0 032 |9 32/34 | 100 9/9
Traditional 95 41/43 | 94 30/32 | 100 11/11 | 0 0/11 |6 2/32 1100 30/30 | 85 11/13
LLNA
Substances with LLNA: BrdU-ELISA, Traditional LLNA, and GP Data
LLNA: BrdU-
ELISA vs. 35 97 34/35 | 100 25/25 | 90 9/10 | 10 /10 | O 0/25 | 96 25/26 | 100 9/9
Traditional 94 33/35 | 92 23/25 | 100 10/10 | O 0/10 |8 2/25 100 23/23 | 83 10/12
LLNA
LLNA: BrdU- 35 89 31/35 | 100 22/22 | 69 9/13 | 31 4/13 |0 0/22 |85 22/26 | 100 9/9
ELISA vs. GP® 86 30/35 | 91 20/22 | 77 10/13 | 23 3/13 |9 2/22 | 87 20/23 | 83 10/12
Traditional
LLNA vs. GP® 35|91 32/35 | 100 22/22 | 77 10/13 | 23 3/13 |0 0/22 | 88 22/25 | 100 10/10
Substances with LLNA: BrdU-ELISA, Traditional LLNA, and Human Data
LLNA: BrdU-
ELISA vs. 41 95 39/41 | 100 30/30 | 82 9/11 | 18 2/11 |0 0/30 |94 30/32 | 100 9/9
Traditional 95 39/41 | 93 28/30 | 100 11/11 | 0 o/11 |7 2/30 | 100 28/28 | 85 11/13
LLNA
Iélﬂ |NsAA VBSrdU' 4|73 304184 |2631|40 |410 |60 |60 |16 [531 |81 | 26/32 |44 | 509
Human® ) 73 30/41 | 77 24/31 | 60 6/10 | 40 4/10 |23 7/31 86 24/28 | 46 6/13
Traditional
LLNA vs. 41 | 78 32/41 | 84 26/31 | 60 6/10 | 40 4/10 |16 5/31 87 26/30 | 54 6/11
Human*

Abbreviations: GP = guinea pig skin sensitization outcomes; LLNA: BrdU-ELISA= murine local lymph node assay with enzyme-linked immunosorbent
assay detection of bromodeoxyuridine; LLNA = murine local lymph node assay; No. = number.

' n = number of substances included in this analysis.




2 The data on which the percentage calculation is based.
? GP refers to outcomes obtained by studies conducted using either the guinea pig maximization test or the Buehler test.

* Human refers to outcomes obtained by studies conducting using the human maximization test, the human repeat insult patch test, inclusion of the test
substance in a human patch test allergen kit, and/or published clinical case studies/reports.



6.6  Discordant Resultsfor Accuracy Analysis Using Alternative Decision Criteria

This section discusses the discordant results obtained for the analyses using the alternative decision
criteria shown in Tables C-7 and C-8 to provide a comparison to the discordant substances identified
using the decision criterion of SI > 2.0 to identify sensitizers. Discordant results are first discussed for
the alternative decision criteria using the traditional LLNA as the reference test (Section 6.6.1). Then
discordant results for SI > 1.6, the optimized criterion, are discussed using the traditional LLNA, GP,
and human outcomes as references (Section 6.6.2).

6.6.1 Discordant Results Using Alternative Decision Criteria Compared with the
Traditional LLNA

Using decision criteria of SI > 2.0 and the most prevalent outcome for the substances with multiple
tests, the two discordant substances, when compared to the traditional LLNA, were imidazolidinyl
urea and 2-mercaptobenzothiazole (Table C-5). As indicated in Section 6.4, both substances were
false negatives when compared to the traditional LLNA.

Table C-9 shows how the number and identity of discordant substances changes with the alternative
decision criteria when using the most prevalent outcome for the substances with multiple tests. Use of
a statistical test (i.e., ANOVA or t-test; “Statistics” in Table C-7) or summary statistics (i.e., >95%
CL or>2 or 3 SD in Table C-7) did not result in substantively improved performance relative to
using SI > 1.6. SI > 1.3 is shown for comparison because it was previously recommended by
ICCVAM. 1t is not discussed because it was considered to be inadequate by the March 2008 Peer
Review Panel (ICCVAM 2008).



Table C-9 Discordant Resultsfor LLNA: BrdU-ELISA Using Alter native Decision Criteria Compared to the Traditional LL NA
and the M ost Prevalent Outcome for Substanceswith Multiple Tests

Alternative Decision Criterion?

Discor dant Substance*
>95% >2 >3 SI>|SI>| SI> Sl > Sl > Sl > Sl > SiI>|SI>|S>| 8>

f i
Statisties” | "4 | ops | sp° | 50 | 45 | 40 | 35 | 30 | 25 | 20 | 19 | 16 | 15 | 13

5-Chloro-2-methyl-4-
isothiazolin-3-one )
solution (0.009%)

Formaldehyde (0.50%) - -

Cobealt chloride (0.6%) - - -

4-Methylaminophenol
sulfate (0.8%)

trans-Cinnamic aldehyde
(1.4%)

2-Mercaptobenzothiazole
(1.7%)

Cinnamic aldehyde
(1.9%)

3-Aminophenol (3.2%) - - - -

Diethyl maleate (3.6%) - - - -

Nickel sulfate (4.8%) - - - - -

4-Chloroaniline (6.5%) - - - - -

Sodium lauryl sulfate
(8.1%)

Hexyl cinnamic aldehyde
(9.7%)

Eugenol (10.1%) - - - -

Phenyl benzoate
(13.6%)

continued



Table C-9 Discordant Resultsfor LLNA: BrdU-ELISA Using Alter native Decision Criteria Compared to the Traditional LL NA
and the M ost Prevalent Outcome for Substanceswith Multiple Tests (continued)

Alternate Decision Criterion®

Discor dant Substance*
>95% >2 >3 SI>(SI>]| SI> Sl > Sl > Sl > Sl > SI>|SI>|SI>| SI>

f i
Statisties” | "4 | ops | sp° | 50 | 45 | 40 | 35 | 30 | 25 | 20 | 19 | 16 | 15 | 13

Cinnamic alcohol
(21.0%)

Hydroxycitronellal
(24.0%)

Imidazolidinyl urea
(24.0%)

Ethylene glycol
dimethacrylate (28.0%)

Linalool (30.0%) -

Ethyl acrylate (32.8%) -

Isopropyl myristate
(44.0%)

Aniline (47.5%) - - - - - -

Glycerol (-) +

Hexane (-) +

+
+ |+ |+
+
+
+
+

Lactic acid (-) + + + + +

Methyl salicylate (-) + +

Abbreviations: CI = confidence interval; LLNA: BrdU-ELISA = murine local lymph node assay with enzyme-linked immunosorbent assay detection of
bromodeoxyuridine; SD = standard deviation; SI = stimulation index.

' Compared to the traditional LLNA outcome. Traditional LLNA result in parentheses: “-” for nonsensitizers and EC3 values (%) for sensitizers.
2 LLNA: BrdU-ELISA outcomes are indicated by “+” for sensitizer results and “-” for nonsensitizer results.

’ Analysis of variance for difference of group means when substances were tested at multiple doses or #-test when substances were tested at one dose. The
absorbance data were log-transformed prior to analysis of variance. Significance at p < 0.05 was further tested by Dunnett’s test.

* The mean absorbance of at least one treatment group was outside the 95% confidence interval for the mean absorbance of the vehicle control group.



> The mean absorbance of at least one treatment group was greater than 3 SD from the mean absorbance of the vehicle control group.

% The mean absorbance of at least one treatment group was greater than 2 SD from the mean absorbance of the vehicle control group.



Ten of the ICCVAM performance standards required reference substances were discordant for the
analysis of alternative decision criteria using the most prevalent outcome for substances with multiple
tests (Table C-7). Eight sensitizers (5-chloro-2-methyl-4-isothiazolin-3-one, cobalt chloride,
2-mercaptobenzothiazole, hexyl cinnamic aldehyde, eugenol, phenyl benzoate, cinnamic alcohol, and
imidazolidinyl urea) were misclassified by some criteria as nonsensitizers, and two nonsensitizers
(lactic acid and methyl salicylate) were misclassified as sensitizers by some criteria. The criteria that
yielded the correct results for most of the sensitizers included summary statistics (i.e., >95% CI,

>2 SD, or >3 SD), statistical tests (i.e., ANOVA or t-test), and SI > 3.0 to >1.6. The exceptions were:

e  2-mercaptobenzothiazole, which was incorrectly negative by a statistical test (i.e.,
ANOVA) and at SI > 5.0 to >1.9.

e  Cinnamic alcohol, which was incorrectly negative at SI > 3.0.

e  5-chloro-2-methyl-4-isothiazolin-3-one, which was also correctly positive at SI > 4.5
to >3.5.

e  Cobalt chloride, which was also correctly positive at SI > 3.5.

The criteria that yielded the correct results for the nonsensitizers were generally SI criterion greater
than 1.9. For lactic acid, the criteria that yielded the correct results included treatment group mean >3
SD from the vehicle control, and SI > 5.0 to 1.9. All criteria yielded the correct results for methyl
salicylate except for treatment group absorbance >95% CI of vehicle control mean.

6.6.2 Discordant Resultsfor Accuracy Analysisof the SI > 1.6 Decision Criterion

When the outcomes for the 43 substances tested in the LLNA: BrdU-ELISA (using SI > 1.6) and the
traditional LLNA were compared, the classifications for two substances were different. Hexane and
lactic acid, nonsensitizers in the traditional LLNA, were misclassified as sensitizers in the LLNA:
BrdU-ELISA. In the LLNA: BrdU-ELISA and the traditional LLNA, hexane was tested in AOO and
lactic acid was tested in DMSO. Chemical class, physical form, MW, peptide reactivity (see Annex 11
for physicochemical properties), and potential for skin irritation were examined to identify
commonalities among the discordant substances. Hexane is a hydrocarbon, and lactic acid is a
carboxylic acid. Both substances are liquids and have low MW (hexane MW = 86.18 g/mol and lactic
acid MW = 90.08 g/mol) and minimal peptide reactivity. Both substances were tested in the LLNA:
BrdU-ELISA at concentrations expected to produce skin irritation based on data in humans (hexane)
or rabbits (lactic acid).

When the outcomes for the 35 substances tested in the LLNA: BrdU-ELISA (using SI > 1.6) and GP
tests were compared, the classifications for four substances were different. Ethyl acrylate, ethylene
glycol dimethacrylate, lactic acid, and SLS were classified as nonsensitizers in GP tests but were
misclassified as sensitizers in the LLNA: BrdU-ELISA. The LLNA: BrdU-ELISA test result was
concordant with the traditional LLNA for three of the four substances (i.e., all except lactic acid)
(Table C-10). Chemical class, physical form, MW, peptide reactivity (see Annex I for
physicochemical properties), and potential for skin irritation were examined to identify the following
commonalities among the discordant substances:

e  FEthyl acrylate, ethylene glycol dimethacrylate, and lactic acid are carboxylic acids;
SLS is an alcohol, lipid, and sulfur compound.

e  MWsrange from 90.08 to 288.38 g/mol.

e  FEthyl acrylate, ethylene glycol dimethacrylate, and lactic acid are liquids; SLS is a
solid.

e  Peptide reactivity for ethylene glycol dimethacrylate is high; peptide reactivity for
lactic acid is minimal; peptide reactivity data for ethyl acrylate and SLS are not
available.



e  Ethyl acrylate (EC3 = 32.8%) and ethylene glycol dimethacrylate (EC3 = 28%) are
weak sensitizers in the traditional LLNA; SLS (EC3 = 8.1%) is somewhat stronger.

Lactic acid is a nonsensitizer in the traditional LLNA.

e  Ethyl acrylate, ethylene glycol dimethacrylate, lactic acid, and SLS were tested at
irritating concentrations in the LLNA: BrdU-ELISA, based on skin irritation data
from guinea pigs, rabbits, mice, or humans.

TableC-10  Discordant Resultsfor LLNA: BrdU-ELISA (Sl > 1.6) Compared to Traditional
LLNA and Guinea Pig Reference Data’
. 1 3| LLNA: BrdU- | Traditional |GuineaPig . . -
Substance Name® | Vehicle EL1SAS | LNA® Studies Skin Irritant?
Ethyl acrylate AOO + + ) Nonirritant at 3%
(32.8%) (4.95, 100%) (4.0, 50%) (GP)
E;El}él,;r;i rgyl 1}; igl MEK + + i Nonirritant at 1%
() 0,
(28.0%) (3.11, 100%) (7.0, 50%) (GP)
+
. - Slightly irritating
Lactic acid DMSO | (1.80, 1.89, and o - N .
2,53, 50%) (2.2, 25%) at 10% (rabbits)
Irritant at 20% aq.
. (rabbits); Irritant
Sodium lauryl + +
DMF 5 - at 20% (humans);
) 0 0
sulfate (8.1%) (2.64, 16.7%) (8.9, 20%) Trritant at 10% in
DMF (mice)

Abbreviations: AOO = acetone: olive oil (4:1); aq = aqueous; DMF = N, N-dimethylformamide; DMSO =
dimethyl sulfoxide; GP = guinea pigs; LLNA: BrdU-ELISA= murine local lymph node assay with enzyme-
linked immunosorbent assay detection of bromodeoxyuridine; LLNA = murine local lymph node assay;
MEK = methyl ethyl ketone; NA = not available; SI = stimulation index.

+ = sensitizer.

- = nonsensitizer.

1

2

Data sources provided in Annex 111-1.

[SI] of 3) for the traditional LLNA (from Table C-1).

* Vehicles apply to tests for both the LLNA: BrdU-ELISA and the traditional LLNA.

4

5

Highest SI occurred at 10%.

Numbers in parentheses are highest SI values and maximum concentrations tested.

Numbers in parentheses are the EC3 values (estimated concentration needed to produce a stimulation index

When the outcomes for the 41 substances with LLNA: BrdU-ELISA (using SI> 1.6) and human
outcome data were compared, the classifications for 11 substances were different (Table C-11). The
LLNA: BrdU-ELISA results for two of these substances (hexane and lactic acid) were discordant
with the traditional LLNA. The LLNA: BrdU-ELISA classified five human sensitizers as
nonsensitizers (diethyl phthalate, 2-hydroxypropylmethacrylate, isopropanol, propylene glycol, and
sulfanilamide) and six human nonsensitizers as sensitizers (hexane, lactic acid, isopropyl myristate,
cyclamen aldehyde, linalool, and SLS).




TableC-11  Discordant Resultsfor LLNA: BrdU-ELISA (SI > 1.6) When Compared to
Traditional LLNA and Human Outcome Data®
LLNA: ...
Substance Name® | Vehicle? Brdu- Trfﬁ'&'gga] OHuman5 Skin Irritant?
EL 1S4 utcome
. - - + Nonirritant at <
Diethyl phthalate - | = AOO 1 ¢g 5000y | (1.5,100%) |  (HPTA) 100% (rabbits)
+
2-Hydroxypro- - - Nonirritant at <
pylmethacrylate AOO 11 13, 50%) | (1.3, 50%) (Ca(s)eliﬁou)dy’ 10% (GP)
- - * Nonirritant at <
Isopropanol ABO 1 922 50%)° | (1.7, 50%)’ (C(")‘Soeoslt};o‘;y’ 100% (rabbits)
g - - + Nonirritant at <
Propylene glycol AOO (1.57,50%) | (1.6, 100%) (HPTA) 25% (humans)
o - - + Nonirritant at <
Sulfanilamide DME 1 126, 50%) | (1.0,50%)° | (5/25,25%) | 25% (humans)
+ - - Irritant at 100%
Hexane AOO 11 76.100%)' | (2.2, 100%) | (0/25, 100%) (humans)
+ . o
(1.80, 1.89 ) - Slightly irritating
Lactic acid DMSO A (no data at <10%
and 2.53, (2.5, 25%) 1 1 .
100%) ocated) (rabbits)
Isopropyl myristate AOO + + - Nonirritant at <
(44.0%) (4.20,50%) | (3.4,100%) | (0/25,20%) | 100% (rabbits)
J’_
+ - Irritant at 100%
Cyclamen AOO (1.97 and .
aldehyde (22.3% 571, 100%) | ©230%) | (0/64,4%) (rabbits)
+ .
. o + - Irritant at 100%
Linalool (30.0%) AOO 4&'41503{}/‘:)12 (8.3,100%) | (0/25,8%) (rabbits)
Irritant at 20%
aq. (rabbits);
Sodium lauryl DMF + + - Irritant at 20%
sulfate (8.1%) (3.4,10%) | (8.9,20%)° | (0/22 at 10%) (humans);
Irritant at 10% in
DMF (mice)

Abbreviations: AOO = acetone: olive oil (4:1); aq = aqueous; DMF = N, N-dimethylformamide; DMSO =
dimethyl sulfoxide; GP = guinea pigs; HPTA = human patch test allergen; LLNA = murine local lymph node
assay; LLNA: BrdU-ELISA= murine local lymph node assay with enzyme-linked immunosorbent assay
detection of bromodeoxyuridine; SI = stimulation index.

+ = sensitizer.

- = nonsensitizer.

' Data sources provided in Annex 111-1.

? Numbers in parentheses are EC3 values (estimated concentration needed to produce a stimulation index [SI]
of 3) for substances that are sensitizers in the traditional LLNA; from Table C-1.
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9

Vehicles apply to tests for both the LLNA: BrdU-ELISA and the traditional LLNA unless otherwise noted.

Numbers in parentheses are highest SI values and maximum concentrations tested.

Information in parentheses indicates the basis for the human outcome. Numbers indicate the incidence of
positive human response and concentration tested.

Negative based on most prevalent call. Highest SI of any test is shown. Highest SI values for most tests
occurred at <50%.

Highest SI occurred at 10%.

The vehicle for the traditional LLNA was distilled water.

Highest SI occurred at 10% and 25%.

' An additional test yielded SI = 1.89 at 50%.

" Presumed to be a nonsensitizer in humans because no clinical patch test results were located, it is not a patch
test kit allergen, and no case reports of human sensitization were located.

"2 When the number of positive and negative outcomes were equal for a substance, the most conservative result
was used in the accuracy analysis (see Section 6.5).

" Highest SI occurred at 10% and 25%.

Few commonalities in chemical class, physical form, MW, peptide reactivity, traditional LLNA range
of EC3 values, and potential for skin irritation were noted among the discordant substances. For the
five human sensitizers that were misclassified as nonsensitizers:

Four different chemical classes were represented: carboxylic acids (diethyl phthalate
and 2-hydroxypropylmethacrylate), alcohols (isopropanol and propylene glycol),
sulfur compounds (sulfanilamide) and cyclic hydrocarbons (sulfanilamide)
(TablesC-1 and C-11).

Three substances were liquids (diethyl phthalate, isopropanol, and propylene glycol),
and two were solids (2-hydroxypropylmethacrylate and sulfanilamide).

MWs ranged from 60.10 (isopropanol) to 222.24 g/mole (diethyl phthalate).

Four substances exhibited low peptide reactivity; no peptide reactivity information
was available for sulfanilamide.

All five substances were also classified as nonsensitizers by the traditional LLNA.
Although 2-hydroxypropylmethacrylate, propylene glycol, and sulfanilamide are skin
irritants at the concentrations tested in the LLNA: BrdU-ELISA (based on data from
humans, rabbits, or guinea pigs), the other two substances were not irritating to skin
at the concentrations tested (Table C-11).

There were few commonalities in chemical class, physical form, MW, peptide reactivity, range of
EC3 values (based on the traditional LLNA), and potential for skin irritation noted among the six
human nonsensitizers that were misclassified as sensitizers by the LLNA: BrdU-ELISA:

The six substances represented six different chemical classes: carboxylic acids
(cyclamen aldehyde and lactic acid), lipids (isopropyl myristate and SLS), acyclic
hydrocarbons (hexane), sulfur compounds (SLS), alcohols (SLS), and hydrocarbons,
other (linalool) (Tables C-1 and C-11).

Five substances are liquids, and SLS is a solid.

Four substances have minimal to low peptide reactivity, but no peptide reactivity data
are available for linalool or SLS.

MWs ranged from 86.15 g/mole for hexane to 288.38 g/mole for SLS.



e  Isopropyl myristate, cyclamen aldehyde, linalool, and SLS were also classified as
sensitizers by the traditional LLNA (EC3 values were 44.0%, 22.3%, 30.0%, and
8.1%, respectively); but hexane and lactic acid were classified as nonsensitizers by
the traditional LLNA.

e  Five of the substances misclassified as sensitizers (hexane, lactic acid, cyclamen
aldehyde, linalool, and SLS) were tested at concentrations that are irritating to skin,
but one was not (isopropyl myristate), based on skin irritation data from humans,
mice, or rabbits (Table C-11).

6.7  Accuracy Analysisfor the Reduced LLNA: BrdU-ELISA (rLLNA:
BrdU-ELISA)

An accuracy analysis for the TLLNA: BrdU-ELISA was performed using the optimized SI > 1.6
criterion to identify sensitizers. The rLLNA: BrdU-ELISA uses only the highest soluble dose of the
test substance that does not produce local skin irritation or systemic toxicity; the two lower dose
groups are not used. The available validation database for the [LLNA: BrdU-ELISA analysis included
85 individual tests that used multiple doses. The performance of the rTLLNA: BrdU-ELISA was
evaluating by comparing the outcome of the highest dose for each test to the outcome of the same test
when considering all doses tested. Using SI > 1.6 to identify sensitizers, the accuracy of the rLLNA:
BrdU-ELISA was 95% (82/85), with a false positive rate of 0% (0/11) and a false negative rate of 4%
(3/74). The three tests that were false negative in the rLLNA: BrdU-ELISA were weakly positive in
the multiple-dose LLNA: BrdU-ELISA. Two tests of 10%, 25%, and 50% isopropanol produced
maximum ST values of 2.04 and 2.22 at the lowest dose tested (Figure C-2). The third false negative
was the test of 12.5%, 25%, and 50% 2-mercaptobenzothiazole, which produced the maximum SI of
1.62 at the lowest dose tested (Figure C-2).



FigureC-2 Dose-Response Curvesfor Substances I dentified as Nonsensitizers by the
rLLNA: BrdU-ELISA and Sensitizersby the LLNA: BrdU-ELISA
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The horizontal dashed line shows the stimulation index of 1.6, which is the threshold for a positive response.
Points above the line indicate sensitizer responses and points below the line indicate nonsensitizer responses.

Abbreviations: JSAAE = Japanese Society for Alternatives to Animal Experiments.



6.8  Accuracy AnalysisUsing Multiple Alternative Decision Criteria

As detailed in Section 6.5, the accuracy of the LLNA: BrdU-ELISA when using a number of
alternative decision criteria was evaluated using the traditional LLNA as the reference test. Using the
database of 31 substances that was available for the Panel review in April 2009, Annex VI provides
an accuracy and reproducibility analysis that uses two SI decision criteria: one to identify sensitizers
and another to identify nonsensitizers. The lowest SI decision criterion that produced no false
positives was used to identify sensitizers, and the SI decision criterion that produced no false
negatives was used to identify nonsensitizers. Annex VI also includes an evaluation of additional
information that could be used in an integrated decision strategy for classifying indeterminate
substances and an analysis of the effect of sample size on the indeterminate range of SI values.



7.0 Test Method Reliability

An assessment of test method reliability (intra- and inter-aboratory reproducibility) is an essential
element of any evaluation of the performance of an alternative test method (ICCVAM 2003).
Intralaboratory reproducibility refers to the extent to which qualified personnel within the same
laboratory can replicate results using a specific test protocol at different times. Interlaboratory
reproducibility refers to the extent to which different laboratories can replicate results using the same
protocol and test substances, and indicates the extent to which a test method can be transferred
successfully among laboratories.

The available LLNA: BrdU-ELISA data were amenable to both intralaboratory and interlaboratory
reproducibility analyses. This section provides an assessment of reproducibility for the decision
criterion of SI > 1.6 to identify sensitizers. In Section 6.5, this criterion was identified as the optimum
criterion for producing no false negatives and minimal false positives, compared with the traditional
LLNA. Annex | X describes the evaluation of reproducibility for additional decision criteria to
identify sensitizers that were evaluated in Section 6.5: SI> 1.5 and SI > 2.0 (used in the JSAAE
interlaboratory validation study).

7.1  Intralaboratory Reproducibility

The test results for the LLNA: BrdU-ELISA were amenable to intralaboratory reproducibility
analyses for three endpoints: sensitizer or nonsensitizer classification, SI values, and EC1.6 values.
Analyses of intralaboratory reproducibility were performed using a concordance analysis for the
qualitative results (sensitizer vs. nonsensitizer) (Section 7.1.1) and a coefficient of variation (CV)
analysis for the quantitative results (SI values and EC1.6 values) (Sections 7.1.2 and 7.1.3,
respectively).

7.1.1 Intralaboratory Reproducibility — Qualitative Results

The dataset available for an intralaboratory concordance analysis of the qualitative test results for the
LLNA: BrdU-ELISA included 12 substances that were tested multiple times by Takeyoshi et al.
(2003, 2004a, 2005, 2006, 2007a, 2007b, unpublished). Hexyl cinnamic aldehyde and eugenol were
tested six times; isoeugenol, diphenycyclopropenone, and propylene glycol were tested three times;
and cyclamen aldehyde, 2,4-dinitrochlorobenzene, glutaraldehyde, hexane, hydroxycitronellal,
linalool, and 4-phenylenendiamine were each tested twice (Takeyoshi et al. 2003, 2004a, 2005, 2006,
2007a, unpublished) (Table C-12). All substances were sensitizers in the traditional LLNA except for
propylene glycol and hexane. The multiple test results for 10/12 substances were 100% concordant
when SI > 1.6 was used to classify substances as sensitizers. However, the concordant tests for one
nonsensitizer, hexane, were incorrectly positive. The substances with disconcordant results were the
sensitizers hydroxycitronellal and linalool, which produced one positive (SI > 1.6) and one negative
(SI < 1.6) result in the LLNA: BrdU-ELISA.

By comparison, the qualitative intralaboratory concordance analysis for the traditional LLNA
(ICCVAM 1999) was based on a dataset of six substances that included six results each for
benzocaine and hexyl cinnamic aldehyde, five results for eugenol, four results each for isoeugenol
and methyl salicylate, and three results for 2,4-dinitrochlorobenzene. Intralaboratory results for each
substance were 100% concordant with the exception of benzocaine. One of the six benzocaine (5/6 or
83% concordance) results for the traditional LLNA was reported as equivocal because SI increased
with dose but did not reach the criterion of SI > 3.0. Thus, the proportion of substances for which
intralaboratory concordance of qualitative results was 100% was identical for LLNA: BrdU-ELISA
(10/12) and the traditional LLNA (5/6).



TableC-12  Intralaboratory Reproducibility for the LLNA: BrdU-ELISA Outcome of
Substances Tested Multiple Times
Highest .
Substance Name Concentration | Highest Sl Outcome' Taléeéf/grsr;ial.
Tested (%)
100 1.97 + 2007b
Cyclamen aldehyde -
100 5.71 + Unpublished
2,4-Dinitro- 2 17.90 + 2005
chlorobenzene 2 6.84 + 2006, 2007b
) 2 19.10 + 2005; 2007b
Diphenylcyclopro- 10 934 n 2005
penone 10 11.62 T 2007b
10 3.18 + 2003
30 3.30 + 2004a
30 3.83 + 2007a
Eugenol
50 12.30 + 2005
50 3.10 + 2006
50 17.70 + 2007b
2 14.60 + 2005, 2007b
Glutaraldehyde
10 15.50 + 2005, 2007b
50 1.89 + 2005
Hexane -
100 1.76 + Unpublished
25 241 + 2003
50 3.60 + 2003
. . 50 5.90 + 2005
Hexyl cinnamic aldehyde
50 3.64 + 2006
50 2.72 + 2006
50 3.02 + 2007b
) 100 1.34 - 2007b
Hydroxycitronellal -
100 4.78 + Unpublished
10 8.40 + 2005
Isoeugenol 10 2.40 + 2006, 2007b
30 6.73 + 2007a
) 100 1.45 - Unpublished
Linalool .
100 4.65 + Unpublished

continued




TableC-12  Intralaboratory Reproducibility for the LLNA: BrdU-ELISA Outcome of
Substances Tested Multiple Times (continued)

Highest .
Substance Name Concentration | Highest Sl Outcome' Taléegflgrsg:]ial.
Tested (%)
o 2 11.70 + 2005, 2007b
4-Phenylenediamine

10 14.70 + 2005, 2007b

10 1.20 - 2005

Propylene glycol 50 1.57 - 2005
50 0.91 - 2006, 2007b

Abbreviations: LLNA: BrdU-ELISA = murine local lymph node assay with enzyme-linked immunosorbent
assay detection of bromodeoxyuridine; SI = stimulation index.

! (+) = sensitizer; (-) = nonsensitizer.

7.1.2 Intralaboratory Reproducibility — Sl

Ten substances were tested multiple times by Takeyoshi et al. (2003, 2004a, 2005, 2006, 2007a,
2007b, unpublished data) at the same concentrations. Because two substances had multiple tests for
more than one concentration, there were 13 substance/concentration combinations that were tested
two to five times in separate experiments. The multiple SI values for each substance/concentration
were used to calculate a CV for the assessment of intralaboratory variability. As shown by Table C-
13, the CV values ranged from 1% (25% hexyl cinnamic aldehyde) to 80% (100% hydroxycitronellal
and 10% isoeugenol). There are no data for comparison with the traditional LLNA because the
intralaboratory reproducibility of the traditional LLNA was not assessed by CV analysis of SI values
(ICCVAM 1999).

7.1.3 Intralaboratory Reproducibility — EC1.6 Values

CV values were also calculated for the EC1.6 values for the four sensitizers that were tested more
than once using multiple doses by Takeyoshi et al. (2003, 2004a, 2005, 2006, 2007a, 2007b) and
repeatedly yielded positive LLNA: BrdU-ELISA results. The individual animal data for cyclamen
aldehyde, eugenol, hexyl cinnamic aldehyde, and isoeugenol were used to calculate EC1.6 values for
the LLNA: BrdU-ELISA. The methods for calculating EC1.6 values for each sensitizer were
modified from those used by Ryan et al. (2007) to calculate EC3 values. Linear interpolation was
used to calculate EC1.6 values for each test with SI values higher or lower than 1.6, and extrapolation
was used to calculate EC1.6 values for tests with no SI values below 1.6. The equation for linear

interpolation was:
EC1.6= c+{( d)} x(a-c)

(6-49)

The linear interpolation equation uses the points immediately above and below SI = 1.6, with the
(dose, SI) coordinates of (a, b) immediately above SI = 1.6 and (c, d) immediately below SI = 1.6.
The equation for extrapolation was:

(1.6-d)
(6-d)

{1 o0g, (e)+ X[l()gz(‘?)_l()gz(c)]}

EC16,, =



TableC-13  Intralaboratory Reproducibility for the SI of Substances Tested in
LLNA: BrdU-ELISA — Coefficient of Variation

Concentration Cv Takeyoshi et
Substance Name Tested (%) S Mean SD (%) | al. Reference
1.97 2007b
Cyclamen aldehyde 100 3.84 2.64 69 -
5.71 Unpublished
17.86 2005
2,4-Dinitrochlorobenzene 2 12.35 7.79 63
6.84 2006, 2007b
Diphenylcycl 10 034 10.48 1.61 15 2005; 2007
iphenylcyclopropenone . .
premyieyEioprop 11.62 2007b
3.33 2004a
Eugenol 30 3.58 0.35 10
3.83 2007a
12.28 2005
Eugenol 50 3.05 11.01 7.40 67 2006
17.69 2007b
1.89 2005
Hexane 50 1.64 0.36 22 -
1.38 Unpublished
] . 1.88 2003
Hexyl cinnamic aldehyde 12.5 1.74 0.21 12
1.59 2003
) . 2.44 2003
Hexyl cinnamic aldehyde 25 2.42 0.02 1
241 2003
3.64 2003
5.90 2005
Hexyl cinnamic aldehyde 50 3.64 3.78 1.25 33 2006
2.72 2006
3.02 2007b
] 1.34 2007b
Hydroxycitronellal 100 3.06 243 80 -
4.78 Unpublished
8.36 2005
7.20 2005
Isoeugenol 10 5.09 3.15 80
2.36 2006, 2007b
243 2007a
) 1.45 Unpublished
Linalool 100 3.05 2.26 74 -
4.65 Unpublished

continued




TableC-13  Intralaboratory Reproducibility for the SI of Substances Tested in
LLNA: BrdU-ELI1SA — Coefficient of Variation (continued)

Concentration Ccv Takeyoshi et
Substance Name Tested (%) Sl Mean SD (%) | al. Reference
1.57 2005
Propylene glycol 50 1.14 0.62 54
0.70 2006, 2007b

Abbreviations: CV = coefficient of variation; LLNA: BrdU-ELISA = murine local lymph node assay with
enzyme-linked immunosorbent assay detection of bromodeoxyuridine; SD = standard deviation; SI =
stimulation index.

The extrapolation equation uses the two points immediately above SI = 1.6, with the coordinates of
(a, b) for the point closest to ST = 1.6, and (¢, d) for the higher point. As shown in Table C-14, there
were five EC1.6 values for hexyl cinnamic aldehyde, four EC1.6 values for eugenol, and two EC1.6
values for cyclamen aldehyde and isoeugenol. The CV values were 118% for cyclamen aldehyde,
67% for eugenol, 37% for hexyl cinnamic aldehyde, and 42% for isoeugenol. The ICCVAM LLNA
Performance Standards criteria for demonstrating adequate intralaboratory reproducibility is based on
results from at least four independent tests of hexyl cinnamic aldehyde (ICCVAM 2009).
Intralaboratory reproducibility is considered adequate when each test yields an ECt value (i.e., the
estimated concentration needed to produce an SI of a specific threshold value; in this case, SI = 1.6)
within 5% to 20% (ICCVAM 2009). All of the five EC1.6 values for hexyl cinnamic aldehyde were
within the acceptable range for intralaboratory reproducibility.

TableC-14  Intralaboratory Reproducibility for the EC1.6 Values of Substances Tested in
LLNA: BrdU-ELISA - Coefficient of Variation

EC1.6 0 Takeyoshi et al.
Substance Name (%) Mean SD CV (%) Reference
Cyclamen aldehyde 760 | 415 | 488 118 20076
7.0 Unpublished
7.0 2004a
Eugenol 13.5 8.2 5.5 67 2006
1.1 2007b
11.2 2007a
6.3 2003
12.7 2003
Hexyl cinnamic aldehyde 18.7 14.5 5.4 37 2006
19.6 2006
15.5 2007b
Isoeugenol 6.7 52 2.2 42 2006; 2007b
3.6 2007a

Abbreviations: CV = coefficient of variation; EC1.6 = estimated concentration needed to produce a stimulation
index of 1.6; LLNA: BrdU-ELISA = murine local lymph node assay with enzyme-linked immunosorbent
assay detection of bromodeoxyuridine; SD = standard deviation.

The intralaboratory reproducibility of the traditional LLNA was assessed by CV analysis of EC3
values using a larger dataset (ICCVAM 1999) than that available for the LLNA: BrdU-ELISA
analysis. Two EC3 values were reported by each of five laboratories for 2,4-dinitrochlorobenzene,
five EC3 values were reported by one laboratory for isoeugenol, six EC3 values were reported for



hexyl cinnamic aldehyde by two laboratories, and five EC3 values were reported for eugenol by one
laboratory (Table C-15).

TableC-15  Intralaboratory Reproducibility for the EC3 Values of Substances Tested in the
Traditional LLNA"

Substance Nerre aboratories | per Laboratory | C" O
2, 4-Dinitrochlorobenzene 5 2 13-47
Isoeugenol 1 5 26
Hexyl cinnamic aldehyde 2 6 19-27
Eugenol 1 5 18

Abbreviations: CV = coefficient of variation; EC3 = estimated concentration needed to produce a stimulation
index of 3; LLNA = murine local lymph node assay.

'From ICCVAM (1999).

The intralaboratory CV values for the EC1.6 values from LLNA: BrdU-ELISA tests were higher than
EC3 values for the same substances from the traditional LLNA reported in [CCVAM (1999). The
intralaboratory EC1.6 CV value from the LLNA: BrdU-ELISA tests of eugenol was higher that that
reported by ICCVAM (1999) (67% vs. 18%). The intralaboratory EC1.6 CV value from the

LLNA: BrdU-ELISA tests of isoeugenol was greater than that from ICCVAM (1999) (42% vs. 26%).
The intralaboratory EC1.6 CV value for hexyl cinnamic aldehyde was greater than those from
ICCVAM (1999) (37% vs. 19% to 27%).

7.2  Interlaboratory Reproducibility

The interlaboratory reproducibility of the LLNA: BrdU-ELISA was assessed using the individual
animal data from the multilaboratory validation study organized by the JSAAE (Kojima et al. 2008).
Phase I of the study evaluated the reliability and transferability of the test method protocol by testing
12 substances in three to nine laboratories. With the exception of the positive control data, neither the
summary results nor the individual animal data from Phase I of the validation study have been
released. Phase Il of the study tested 10 substances in three to seven laboratories as shown in

Table C-16. All the laboratories that participated in the validation study used the same experimental
protocol (Annex |) and participated in a 1-day seminar that explained the protocol and execution of
the test method. The same commercial ELISA kit, test materials, and the same doses of the test
substances were used in all of the laboratories. The Validation Management Team determined the
doses and vehicles for testing and coded the identity of the test substances prior to distribution to the
test laboratories. Seven substances were sensitizers and three substances were nonsensitizers
according to the traditional LLNA. Six substances were ICCVAM Recommended Performance
Standards reference substances: 2,4-dinitrochlorobenzene, eugenol, hexyl cinnamic aldehyde, lactic
acid, isopropanol, and methyl salicylate (ICCVAM 2009).



TableC-16  Substancesand Test Allocation for the Phasell Interlaboratory Validation
Study of the LLNA: BrdU-ELISA

Substance Name' Vehicle Concentrations Tested Laboratory’
1/2|3|4|5|6]|7
Nickel sulfate (+) DMSO 1% 3% 10% XX X
Isopropanol (-) AOO 10% 25% 50% XX | XX [|X|X[X
Eugenol (+) AOO 10% 25% 50% X XX
Cinnamic aldehyde (+) AOO 1% 3% 10% X XX
2,4-Dinitrochlorobenzene (+) AOO 0.1% 0.3% 1% XIX|IX|X|X|X|X
Glutaraldehyde (+) ACE 0.1% 0.3% 1% X X | X
Methyl salicylate (-) AOO 10% 25% 50% X | XX
Hexyl cinnamic aldehyde (+) AOO 10% 25% 50% XIX|X|X|X|X|X
Lactic acid (-) DMSO 10% 25% 50% X | X X
Formaldehyde (+) ACE 1% 3% 10% X X | X

Abbreviations: ACE = acetone; AOO = acetone: olive oil (4:1); DMSO = dimethyl sulfoxide; LLNA: BrdU-
ELISA = murine local lymph node assay with enzyme-linked immunosorbent assay detection of
bromodeoxyuridine.

' (+) indicates sensitizers and (-) indicates nonsensitizers according to traditional LLNA tests.

* X indicates that a substance was tested in a particular laboratory: 1 = Daicel Chemical Industries Ltd.;
2 = Food and Drug Safety Center; 3 = Otsuka Pharmaceutical Co. Ltd.; 4 = Taisho Pharmaceutical Co. Ltd.;
5 = Fuji Film Co. Ltd.; 6 = Biosafety Research Center, Foods, Drugs and Pesticides; 7 = National Institute of
Health Sciences.

The LLNA: BrdU-ELISA test results from the JSAAE validation study were used for interlaboratory
reproducibility analyses for three endpoints: sensitizer or nonsensitizer classification and EC1.6
values. Analyses of interlaboratory reproducibility were performed using a concordance analysis for
the qualitative results (sensitizer vs. nonsensitizer) (Section 7.2.1) and a CV analysis for the
quantitative results (EC1.6 values) (Section 7.2.2).

7.2.1 Interlaboratory Reproducibility — Qualitative Results

The available quantitative absorbance data for interlaboratory reproducibility analysis were used to
calculate SI values for each substance and dose tested. Substances with SI > 16 at any dose were
classified as sensitizers. Substances with SI < 1.6 at all doses were classified as nonsensitizers. The
qualitative (sensitizer/nonsensitizer) interlaboratory concordance analysis for the 10 substances tested
during Phase II of the JSAAE interlaboratory validation study is shown in Table C-17. The
qualitative comparison evaluated the consistency of LLNA: BrdU-ELISA results (i.e., positive vs.
negative) for 10 substances tested among up to 7 laboratories. The concordance results show that
interlaboratory concordance was 100% (3/3, 6/6, or 7/7) for nine substances. However, one
nonsensitizer, lactic acid, yielded concordant sensitizer results (SI = 1.80, 1.89, and 2.53). The
discordant substance was isopropanol, for which interlaboratory concordance was 67% (4/6). Two of




the six tests of isopropanol yielded SI > 1.6 (SI =2.04 and SI = 2.22), while the others yielded
negative results (i.e., SI < 1.6). The Validation Management Team considered the interlaboratory
reproducibility to be acceptable using SI > 2.0 to identify sensitizers (Kojima et al. 2008). Because
the evaluation of interlaboratory reproducibility for the traditional LLNA did not include an
evaluation of qualitative results (ICCVAM 1999), there were no traditional concordance data for
comparison with the LLNA: BrdU-ELISA concordance.

TableC-17  Qualitative Resultsfor the Phasell Interlaboratory Validation Study on the
LLNA: BrdU-ELISA*

Substance Name Laboratory Concordance
1 2 3 4 5 6 7
2,4-Dinitrochlorobenzene (4.;0) (8.;7) (6.+26) (5.+50) (15:80) (4;3) (1;98) 77
Glutaraldehyde G .+72) e ;6 " (22 ) 3/3
Nickel sulfate (2; 9 | ( 4;3) (2; 6 3/3
trans-Cinnamic aldehyde (3;7) (3; 0 |« 4j ) 3/3
Formaldehyde ( 4; 0) a 6T5 9| a ;7) 3/3
Eugenol (337) 3 .—;48) (759) 3/3
Hexyl cinnamic aldehyde (320) 2 (2;7) (3; 4) (1;5 0) (3—;7) (3§ 4) 6/6
2 2,5
Isopropanol (2.+22) g (O._98) (1._57) (o._94) (2+.o4) (1.61) 4/6
Lactic acid (1;0) (1;9) (2;3) 3/3
Methyl salicylate (1';‘3) (1';‘ s | a .;10) 373

Abbreviation: LLNA: BrdU-ELISA = murine local lymph node assay with enzyme-linked immunosorbent
assay detection of bromodeoxyuridine.

! (+) indicates sensitizer result; (-) indicates nonsensitizer result. Highest stimulation index value for each test
is shown in parentheses.

Stimulation index (SI) > 1.6 at lowest dose tested but <1.6 at the higher doses. The Validation Management
Team considered these to be nonsensitizer results using the SI > 2.0 criterion (Kojima et al. 2008).

Test failed because concurrent positive control failed (i.e., SI < 1.6). Result not included in the concordance
analysis.

Three mice tested at highest dose.

Three mice per dose group.

7.2.2 Interlaboratory Reproducibility — EC1.6 Values

The SI values from the interlaboratory validation study were used to calculate EC1.6 values for each
sensitizer according to the methods reported in Section 7.1.3. The EC1.6 values from each laboratory
were then used to calculate CV values for each substance. The resulting values are shown in

Table C-18. CV values ranged from 31% (trans-cinnamic aldehyde) to 93% (glutaraldehyde). The
mean CV was 69%.



The ICCVAM LLNA performance standards indicate that interlaboratory reproducibility should be
evaluated with at least two sensitizing chemicals with well-characterized activity in the traditional
LLNA (ICCVAM 2009). Acceptable reproducibility is attained when each laboratory obtains ECt
values within 0.025% to 0.1% for 2,4-dinitrochlorobenzene and within 5% to 20% for hexyl cinnamic
aldehyde (ICCVAM 2009). EC1.6 values from five laboratories were outside the range for
2,4-dinitrochlorobenzene, and the EC1.6 values from two laboratories were outside the range for
hexyl cinnamic aldehyde. Laboratories 2 through 6 reported EC1.6 values that were lower than the
specified acceptance range for 2,4-dinitrochlorobenzene (0.011%, 0.023%, 0.023%, 0.0022%, and
0.017%, respectively). For hexyl cinnamic aldehyde, Laboratories 4 and 5 obtained EC1.6 values that
were lower than the acceptance range (4.80% and 3.64%, respectively).



TableC-18 ECL.6 Valuesfrom the Phasell Interlaboratory Validation Study on the LLNA: BrdU-ELISA?

Laboratory
S“Nb:n"f‘]gce Mean+SD | % CV
1 2 3 4 5 6 7

2,4-Dinitro- 0.062 0.011* 0.023 0.023 0.0022 0.017 0.050 0.027 £ 0.021 20
chlorobenzene | (4.3 @ 1%) | (8.37 @ 1%) |(5.99 @ 0.3%)| (5.50 @ 1%) |(18.80 @ 0.3%)[(4.83 @ 0.3%)|(12.18 @ 1%)| ~— '~

Hexyl cinnamic 10.43 2 16.98 4.80 3.64 8.60° 10.10 11.78 + 8.33 7
aldehyde (3.4 @ 50%) | (1.83 @ 50%) | (2.87 @ 50%) | (3.34 @ 50%) | (13.5 @ 50%) | (3.27 @ 50%) |(3.84 @ 50%) O=0
Glutaraldehyde 0.079 NT NT NT 0.031 0.24 NT 0.12+0.11 93
Nickel sulfate NT NT 1.84 0.57 NT NT 0.67 1.03 £0.70 68
trans-Cinnamic NT 1.88 NT 1.04 1.96 NT NT 1.63+0.51 31
aldehyde

Formaldehyde 0.29 NT NT NT 0.19 0.010 NT 0.16+0.14 88
Eugenol NT 13.82 NT NT NT 11.65 3.77 9.75+5.29 54

Note: Boldface indicates substances recommended for assessing interlaboratory reproducibility in Recommended Performance Standards (ICCVAM 2009).
Boldface italic EC1.6 values are outside of the acceptable range from the ICCVAM LLNA performance standards: 5%-20% for hexyl cinnamic aldehyde
and 0.025%-0.1% for 2,4-dinitrochlorobenzene. Values in parentheses are the highest SI values achieved.

Abbreviations: CV = coefficient of variation; EC1.6 = estimated concentration needed to produce a stimulation index of 1.6; LLNA: BrdU-ELISA = murine
local lymph node assay with enzyme-linked immunosorbent assay detection of bromodeoxyuridine; NT = not tested; SI = stimulation index.

' EC1.6 values interpolated using lowest dose and SI = 1 at 0% concentration because the dose response at the two lowest doses (0.1% and 0.3%) was flat
(SI=6.39 and 6.53, respectively).

2 Test failed because associated positive control failed (i.e., SI < 1.6; vehicle control absorbance was unusually high). Result not included in the mean EC1.6
and CV values.

3 Three mice tested at highest dose.



The interlaboratory CV values for the LLNA: BrdU-ELISA EC1.6 values were higher than those for
the traditional LLNA EC3 values. The analysis of interlaboratory variation of EC3 values for the
traditional LLNA reported CV values of 7% to 84% for five substances tested in five laboratories
(Table C-19; ICCVAM 1999). Three of the same substances were evaluated in the traditional LLNA
and the LLNA: BrdU-ELISA. All interlaboratory CV values for the LLNA: BrdU-ELISA were
greater than those for the traditional LLNA. The CV of 80% for 2,4-dinitrochlorobenzene was greater
than the two CV values of 37% and 27%, calculated from five values each, reported by ICCVAM
(1999). The CV of 71% for hexyl cinnamic aldehyde tested in the LLNA: BrdU-ELISA was greater
than the 7% reported by ICCVAM (1999). The CV of 54% for eugenol tested in the

LLNA: BrdU-ELISA was greater than the 42% reported by ICCVAM (1999).

TableC-19 Interlaboratory Reproducibility of the EC3 Valuesfor Substances Tested in the
Traditional LLNA*

Laboratory CV (%)
0
Substance Name 1 5 3 7 5

0.3 0.5 0.6 0.9 0.6 37
2, 4-Dinitrochlorobenzene

0.5 0.6 0.4 0.6 0.3 27
Hexyl cinnamic aldehyde 7.9 7.6 8.4 7.0 8.1 7
Isoeugeno] 1.3 3.3 1.8 3.1 1.6 41
Eugenol 5.8 14.5 8.9 13.8 6.0 42
Sodium ]aury] sulfate 13.4 4.4 1.5 17.1 4.0 84

Abbreviations: CV = coefficient of variation; EC3 = estimated concentration needed to produce a stimulation
index of 3; LLNA = murine local lymph node assay.

' From ICCVAM (1999).

7.3  Reproducibility Analysisfor Substances With Multiple Tests

This section examines the reproducibility of the tests for the 18 substances that had multiple test
results, regardless of whether the tests were performed in one laboratory or multiple laboratories. For
the 18 substances, two to 12 tests were available. The frequency with which SI values for the

18 substances occurred in one of three SI categories was considered. The three SI categories were:

e LLNA: BrdU-ELISA nonsensitizers with SI < 1.6

e LLNA: BrdU-ELISA sensitizers with SI between 1.6 and 1.9 (borderline positive results with
potential to be false positives with respect to classification by the traditional LLNA)

e LLNA: BrdU-ELISA sensitizers with SI > 1.9

Table C-20 shows the proportion of the tests for each substance that produced SI values in each
category. When using SI > 1.6 to classify sensitizers, the categorical concordance analysis for the

18 substances with multiple tests indicated that the SI results for 85% (11/13) of the LLNA sensitizers
were 100% concordant (i.e., all yielded SI > 1.6 and SI > 1.9). For the 13 traditional LLNA
sensitizers with multiple test results, there were two tests that produced SI < 1.6: one test of linalool
(SI=1.45) and one test of hydroxycitronellal (SI = 1.34). The other tests of linalool and
hydroxycitronellal produced SI > 1.6 and SI > 1.9. Both tests of these substances were performed in
the same laboratory. None of the tests for the 13 sensitizers produced 1.6 <SI < 1.9.



The LLNA: BrdU-ELISA tests for traditional LLNA nonsensitizers were more variable than those for
traditional LLNA sensitizers. The results for isopropanol were particularly variable: 71% (5/7) of the
tests produced SI < 1.6 (SI=0.92, 0.94, 0.98, 1.01, and 1.57) and 29% (2/7) produced SI > 1.9
(SI=2.04 and 2.22). All isopropanol tests were performed in different laboratories. Lactic acid tests
produced SI values in two categories: 67% (2/3) of the tests had 1.6 <SI < 1.9 (SI=1.80 and 1.89),
and 33% (1/3) of the tests had SI > 1.9 (SI = 2.53). All isopropanol tests were performed in different
laboratories. The multiple test results for hexane, methyl salicylate, and propylene glycol were 100%
concordant. However, the two hexane tests produced SI values in the 1.6 < SI < 1.9 category
(SI=1.76 and 1.89) (i.e., sensitizer). Both tests were performed in the same laboratory. The three
methyl salicylate (SI = 1.40, 1.43, and 1.44) tests performed in different laboratories and the three
propylene glycol (SI=1.20, 1.57, and 0.91) tests performed in the same laboratory produced SI
values in the SI < 1.6 category (i.e., nonsensitizer).

TableC-20  Concordance of LLNA: BrdU-ELISA Testsfor Substanceswith Multiple Tests
by Maximum S| Category

LLNA: BrdU- LLNA: BrdU-ELISA Sensitizers
ELISA (Maximum S| > 1.6) Total
Substance NONSeNSItiZers | ) 5 < Maximum SI< | Maximum Tests
(Maximum 1.9* S >1.9"
Sl < 1.6Y ' ="
Sensitizers”
Cyclamen aldehyde 0 (0%) 0 (0%) 0 (100%) 2
f)gggfe“rocmom' 0 (0%) 0 (0%) 9 (100%) 9
Diphenylcyclopro-penone 0 (0%) 0 (0%) 3 (100%) 3
Eugenol 0 (0%) 0 (0%) 9 (100%) 9
Formaldehyde 0 (0%) 0 (0%) 3 (100%) 3
Glutaraldehyde 0 (0%) 0 (0%) 5 (100%) 5
Hexyl cinnamic aldehyde 0 (0%) 0 (0%) 12 (100%) 12
Hydroxycitronellal 1 (50%) 0 (0%) 1 (50%) 2
Isoeugenol 0 (0%) 0 (0%) 3 (100%) 3
Linalool 1 (50%) 0 (0%) 1 (50%) 2
Nickel sulfate 0 (0%) 0 (0%) 3 (100%) 3
1,4-Phenylenediamine 0 (0%) 0 (0%) 2 (100%) 2
trans-Cinnamaldehyde 0 (0%) 0 (0%) 4 (100%) 4
Nonsensitizers”
Hexane 0 (0%) 2 (100%) 0 (%) 2
Isopropanol 5 (71%) 0 (0%) 2 (29%) 7
Lactic acid 0 (0%) 2 (67%) 1 (33%) 3
Methyl salicylate 3 (100%) 0 (0%) 0 (0%) 3
Propylene glycol 3 (100%) 0 (0%) 0 (0%) 3

Abbreviations: LLNA = murine local lymph node assay; LLNA: BrdU-ELISA = murine local lymph node assay
with enzyme-linked immunosorbent assay detection of bromodeoxyuridine; SI = stimulation index.

' Numbers shown reflect number of tests. Percentage in parentheses reflects percentage of the total number of
tests for each substance.

2 According to traditional LLNA results.



8.0 Data Quality

The data submitted by Dr. Takeyoshi were generated at the Hita Laboratory and the Tokyo
Laboratory of the Chemicals Evaluation and Research Institute, Japan (Takeyoshi M, personal
communication). Although the laboratories conduct studies routinely that conform to Good
Laboratory Practices (GLP), the studies on the LLNA: BrdU-ELISA did not conform fully with GLP
guidelines since they were not intended for regulatory purposes. However, all systems employed for
these studies (i.e., test facilities, study staff, reagents, and the other study elements) were reportedly
the same as those employed in the fully GLP-compliant studies conducted in the laboratory. Although
multiple staff members checked the reported data for consistency with the raw data, no audit report is
available (Takeyoshi M, personal communication). The raw data are also not available for audit.

The data from the interlaboratory validation study (Kojima et al. 2008) were generated in GLP
laboratories, but the LLNA: BrdU-ELISA studies were not fully GLP compliant. The data from each
laboratory were reviewed by the chief of the Validation Management Team and the biostatistician.



9.0 Other Scientific Reportsand Reviews

The Validation Management Team for the multilaboratory validation study concluded that the

LLNA: BrdU-ELISA, using the SI > 2 criterion to identify sensitizers, had sufficient relevance
compared with the traditional LLNA and acceptable interlaboratory reproducibility (Kojima et al.
2008). The validation study has been peer reviewed in Japan. The peer review report is expected to be
released in 2010 (Kojima H, personal communication).

A set of studies was conducted by Yamano et al. using a similar LLNA: BrdU-ELISA-based method
(Yamano et al. 2003, 2004, 2005, 2006, 2007). The test method protocol (e.g., application of test
substance to ear of mouse) was similar to what was described in the Takeyoshi et al. studies discussed
in this BRD. Compared to the method of Takeyoshi et al., which administered 5 mg BrdU/mouse, the
concentration of BrdU administered (via intraperitoneal injection) by Yamano et al. was

150 mg/kg/15 mL saline, which would be approximately 3 mg BrdU/mouse (based on a 20 g mouse).
The studies discussed the use of a BrdU-ELISA-based method to assess the skin sensitization
potential of a variety of substances, including metal salts of napthenic acid, methylated phenols,
industrial biocides, and preservatives. The outcomes of these studies were not included in this
evaluation since comparative traditional LLNA data were not available for the substances tested.
Therefore, a comparison of the accuracy of the LLNA: BrdU-ELISA of Yamano et al. with the
traditional LLNA could not be conducted.



10.0 Animal Wedfare Consider ations

The LLNA: BrdU-ELISA evaluates only the induction phase of skin sensitization; therefore, the
discomfort to animals that can occur in the guinea pig tests with the elicitation phase of ACD is
eliminated. Additionally, the LLNA: BrdU-ELISA test method protocol requires fewer mice per
treatment group (a minimum of four animals per group) than either of the GP tests (10-20
animals/group for Buehler and 5-10 animals/group for GPMT).

The LLNA: BrdU-ELISA will require the use of the same number of animals as the updated
ICCVAM LLNA protocol (ICCVAM 2009). However, since the traditional LLNA uses radioactivity,
which is restricted in some countries and institutions, broader use of the nonradioactive LLNA: BrdU-
ELISA protocol in place of the GP test could further reduce the number of guinea pigs that are still
being used to assess skin sensitization.

10.1 Rationalefor the Need to Use Animals

The rationale for the use of animals in the LLNA: BrdU-ELISA is the same as that for the traditional
LLNA,; there are no valid and accepted non-animal ways to determine the ACD potential of
substances and products, except for situations where human studies could be conducted ethically and
where such studies would meet regulatory safety assessment requirements. The most detailed
information about the induction and regulation of immunological responses are available for mice
(ICCVAM 1999).

10.2 Basisfor Determining the Number of Animals Used

The number of animals used for the experimental, vehicle, and positive control groups is based on the
number of animals used in the development (Takeyoshi et al. 2003, 2004a, 2004b, 2005, 2006, 2007a,
2007b, unpublished data) and interlaboratory validation (Kojima et al. 2008) of the LLNA: BrdU-
ELISA test method, which is the same as that specified in the updated ICCVAM LLNA protocol
(Appendix A of ICCVAM 2009).

10.3 Reduction Considerations

A further reduction of 40% (12 vs. 20) could be achieved by using the rLLNA: BrdU-ELISA in cases
where dose-response information is not needed for hazard identification purposes. In such an
approach, only the highest soluble dose of the test article that does not produce skin irritation or
systemic toxicity would be administered, and the two lower dose groups would not be used.
Additional reductions could be achieved by testing more substances concurrently, so that the same
vehicle and positive control group could be used for multiple substances, thus further reducing the
number of animals for each additional substance by eight animals, or 40% (12 vs. 20).



11.0 Practical Considerations

Several issues are taken into account when assessing the practicality of using an alternative to an
existing test method. In addition to performance evaluations, assessments of the laboratory equipment
and supplies needed to conduct the alternative test method, level of personnel training, labor costs,
and the time required to complete the test method relative to the existing test method are necessary.
The time, personnel cost, and effort required to conduct the proposed test method(s) must be
considered to be reasonable when compared to the existing test method it is intended to replace.

11.1 Transferability of the LLNA: BrdU-ELISA

Test method transferability addresses the ability of a method to be accurately and reliably performed
by multiple laboratories (ICCVAM 2003), including those experienced in the particular type of
procedure as well as laboratories with less or no experience in the particular procedure. The
transferability of the LLNA: BrdU-ELISA was demonstrated by the interlaboratory validation study
(Kojima et al. 2008) (Section 7.2).

11.2 Facilitiesand Major Fixed Equipment Required to Conduct the LLNA: BrdU-
ELISA

Compared to the traditional LLNA, the LLNA: BrdU-ELISA will not require facilities, equipment, or
licensing permits for handling radioactive materials. The remaining facilities (e.g., animal care
facilities) are the same for the two methods.

11.3 LLNA: BrdU-ELISA Training Consider ations

The level of training and expertise needed to conduct the LLNA: BrdU-ELISA should be similar to
the traditional LLNA. Additionally, individuals will need to understand and know how to perform
ELISAs.
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13.0 Glossary

Accuracy®: (a) The closeness of agreement between a test method result and an accepted reference
value. (b) The proportion of correct outcomes of a test method. It is a measure of test method
performance and one aspect of relevance. The term is often used interchangeably with concordance
(see also two-by-two table). Accuracy is highly dependent on the prevalence of positives in the
population being examined.

Allergic contact dermatitis (ACD): A Type IV allergic reaction of the skin that results from
repeated skin contact with a skin sensitizer. Clinical signs of ACD include the development of
erythema (redness) and edema (swelling), blistering, and itching. Also referred to as skin
sensitization.

Assay®: The experimental system used. Often used interchangeably with test and test method.

Coded substances: Substances labeled by code rather than name so that they can be tested and
evaluated without knowledge of their identity or anticipation of test results. Coded substances are
used to avoid intentional or unintentional bias when evaluating laboratory or test method
performance.

Concordance®: The proportion of all substances tested that are correctly classified as positive or
negative. It is a measure of test method performance and one aspect of relevance. The term is often
used interchangeably with accuracy (see also two-by-two table). Concordance is highly dependent on
the prevalence of positives in the population being examined.

EC1.6: The estimated concentration needed to produce a stimulation index of 1.6, as compared to the
concurrent vehicle control.

EC3: The estimated concentration needed to produce a stimulation index of 3, as compared to the
concurrent vehicle control.

ECt: The estimated concentration needed to produce a stimulation index of a specific threshold.
False negative®: A substance incorrectly identified as negative by a test method.

False negative rate® The proportion of all positive substances falsely identified by a test method as
negative (see two-by-two table). It is one indicator of test method accuracy.

False positive® A substance incorrectly identified as positive by a test method.

False positiverate®: The proportion of all negative substances that are falsely identified by a test
method as positive (see two-by-two table). It is one indicator of test method accuracy.

Good Laboratory Practices (GLP)® Regulations promulgated by the U.S. Food and Drug
Administration and the U.S. Environmental Protection Agency, and principles and procedures
adopted by the Organization for Economic Cooperation and Development and Japanese authorities,
that describe record keeping and quality assurance procedures for laboratory records that will be the
basis for data submissions to national regulatory agencies.

Hazard® The potential for an adverse health or ecological effect. A hazard potential results only if an
exposure occurs that leads to the possibility of an adverse effect being manifested.

Interlaboratory reproducibility®: A measure of whether different qualified laboratories using the
same protocol and test substances can produce qualitatively and quantitatively similar results.

% Definition used by the Interagency Coordinating Committee on the Validation of Alternative Methods
(ICCVAM 2003).



Interlaboratory reproducibility is determined during the prevalidation and validation processes and
indicates the extent to which a test method can be transferred successfully among laboratories.

Intralaboratory repeatability®: The closeness of agreement between test results obtained within a
single laboratory when the procedure is performed on the same substance under identical conditions
within a given time period.

Intralaboratory reproducibility®: The first stage of validation; a determination of whether qualified
people within the same laboratory can successfully replicate results using a specific test protocol at
different times.

Immunological: Relating to the immune system and immune responses.
In vivo: In the living organism. Refers to assays performed in multicellular organisms.

Lymphocyte: A white blood cell found in the blood, lymph, and lymphoid tissues, which regulates
and plays a role in acquired immunity.

Murinelocal lymph node assay (LLNA): An in vivo test method used to assess the skin
sensitization potential of a substance by measuring the proliferation of lymphocytes in the lymph
nodes draining the ears (i.e., auricular lymph nodes) of mice, subsequent to topical exposure of the
ear to the substance. The traditional LLNA measures lymphocyte proliferation by quantifying the
amount of *H-thymidine or '*I-iododeoxyuridine incorporated into the cells of the draining lymph
nodes.

Murinelocal lymph node assay with enzyme-linked immunosor bent assay detection of
bromodeoxyuridine (LLNA: BrdU-ELI1SA): An in vivo test method used to assess the skin
sensitization potential of a substance by measuring the proliferation of lymphocytes in the lymph
nodes draining the ears (i.e., auricular lymph nodes) of mice, subsequent to topical exposure of the
ear to the substance. The LLNA: BrdU-ELISA is a nonradioactive modification of the traditional
LLNA and assesses lymphocyte proliferation by quantifying the amount of bromodeoxyuridine
(BrdU) incorporated into the cells of the draining lymph nodes using an enzyme-linked
immunosorbent assay (ELISA).

Negative predictivity®: The proportion of correct negative responses among substances testing
negative by a test method (see two-by-two table). It is one indicator of test method accuracy. Negative
predictivity is a function of the sensitivity of the test method and the prevalence of negatives among
the substances tested.

Nonsensitizer: A substance that does not cause skin sensitization following repeated skin contact.

Performance® The accuracy and reliability characteristics of a test method (see accuracy,
reliability).

Positive control: A substance known to induce a positive response, which is used to demonstrate the
sensitivity of the test method and to allow for an assessment of variability in the conduct of the assay
over time. For most test methods, the positive control substance is tested concurrently with the test
substance and the vehicle/solvent control. However, for some in vivo test methods, periodic studies
using a positive control substance is considered adequate by the OECD.

Positive predictivity®: The proportion of correct positive responses among substances testing
positive by a test method (see two-by-two table). It is one indicator of test method accuracy. Positive
predictivity is a function of the sensitivity of the test method and the prevalence of positives among
the substances tested.

Prevalence® The proportion of positives in the population of substances tested (see two-by-two
table).



Protocol® The precise, step-by-step description of a test, including the listing of all necessary
reagents, criteria, and procedures for the evaluation of the test data.

Quality assurance® A management process by which adherence to laboratory testing standards,
requirements, and record keeping procedures is assessed independently by individuals other than
those performing the testing.

Reduction alternative®: A new or modified test method that reduces the number of animals required.

Reference test method®: The accepted in vivo test method used for regulatory purposes to evaluate
the potential of a test substance to be hazardous to the species of interest.

Refinement alternative® A new or modified test method that refines procedures to lessen or
eliminate pain or distress in animals or enhances animal well-being.

Relevance®: The extent to which a test method correctly predicts or measures the biological effect of
interest in humans or another species of interest. Relevance incorporates consideration of the
accuracy or concordance of a test method.

Reliability®: A measure of the degree to which a test method can be performed reproducibly within
and among laboratories over time. It is assessed by calculating intra- and interlaboratory
reproducibility and intralaboratory repeatability.

Replacement alter native® A new or modified test method that replaces animals with non-animal
systems or one animal species with a phylogenetically lower one (e.g., a mammal with an
invertebrate).

Reproducibility®: The consistency of individual test results obtained in a single laboratory
(intralaboratory reproducibility) or in different laboratories (interlaboratory reproducibility) using the
same protocol and test substances (see intra- and inter-laboratory reproducibility).

rLLNA: BrdU-ELISA (reduced LLNA: BrdU-ELISA): A variant of the LLNA: BrdU-ELISA that
employs a single, high dose of the test substance rather than multiple doses to determine its skin
sensitization potential, thus using fewer animals.

Sensitivity®: The proportion of all positive substances that are classified correctly as positive in a test
method. It is a measure of test method accuracy (see two-by-two table).

Skin sensitizer: A substance that induces an allergic response following skin contact (UN 2005).

Specificity®: The proportion of all negative substances that are classified correctly as negative in a
test method. It is a measure of test method accuracy (see two-by-two table).

Stimulation index (S1): A value calculated for the LLNA, to assess the skin sensitization potential of
a test substance. The value is calculated as the ratio of the bromodeoxyuridine incorporated into the
auricular lymph nodes of a group of treated mice to the bromodeoxyuridine incorporated into the
corresponding lymph nodes of a group of vehicle control mice. For the traditional LLNA: BrdU-
ELISA and the rLLNA: BrdU-ELISA, an SI> 1.6 classifies a substance as a skin sensitizer.

Test® The experimental system used; used interchangeably with test method and assay.

Test method®: A process or procedure used to obtain information on the characteristics of a
substance or agent. Toxicological test methods generate information regarding the ability of a
substance or agent to produce a specified biological effect under specified conditions. Used
interchangeably with fest and assay. See also validated test method and reference test.

Transferability®: The ability of a test method or procedure to be accurately and reliably performed in
different, competent laboratories.



Two-by-two table®: The two-by-two table can be used for calculating accuracy (concordance)
([at+d])/[a+b+c+d]), negative predictivity (d/[c+d]), positive predictivity (a/[a+b]), prevalence
([at+c]/[atbt+ct+d]), sensitivity (a/[a+c]), specificity (d/[b+d]), false positive rate (b/[b+d]), and false
negative rate (c/[a+c]).

New Test Outcome
Positive Negative Total
Reference Positive a c atc
Test Negative b d b+d
Outcome Total a+b c+d atb+c+d

Validated test method® An accepted test method for which validation studies have been completed
to determine the relevance and reliability of this method for a specific proposed use.

Validation®: The process by which the reliability and relevance of a procedure are established for a
specific purpose.

Vehicle control: An untreated sample containing all components of a test system, including the
vehicle that is processed with the test substance-treated and other control samples to establish the
baseline response for the samples treated with the test substance dissolved in the same vehicle.

Weight-of-evidence (process): The strengths and weaknesses of a collection of information are used
as the basis for a conclusion that may not be evident from the individual data.
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1.0 Introduction

This document describes the recommended standard operating procedure for the non-
radioisotopic modification of the LLNA, which is based on 2-Bromodeoxyuridin (BrdU)
incorporation in place of *H-thymidine or '*I-iodoeoxyuridine to measure lymph node cell
proliferation. This document is based on the protocol used in the JSAAE multilaboratory
validation study of the LLNA: BrdU-ELISA, Recommended Standard Operating Procedure for
the Non-Radioisotopic Local Lymph Node Assay using BrdU-ELISA (Non-RI LLNA), version
1.20, July 31, 2008, by Masahiro Takeyoshi, Ph.D., Chemicals Evaluation and Research Institute,
Japan.

2.0 Description of the Method

The method is practically identical to the standard LLNA methodology excluding the use of BrdU
and colorimetric detection. A single intraperitoneal injection (5 mg/mouse per injection) of BrdU
is made on day 4. This administration schedule was decided as the most effective labeling
protocol to yield maximum SI values based on preliminary study data with several different
protocols (Takeyoshi et al. 2001). Approximately 24 hours after the BrdU injection, the auricular
lymph nodes are removed, weighed, and stored at -20°C until analysis using an enzyme-linked
immunosorbent assay to measure the level of BrdU incorporation.

The cell proliferation response is measured by a commercial BrdU detection kit (i.e., Roche
Diagnostics GmbH, Roche Applied Science, 68298 Mannheim, Germany; Cat. No. 11 647 229
001). To perform the BrdU-ELISA, the lymph nodes are crushed, passed through a #70 nylon
mesh. The lymph node cells (LNC) from individual animals are suspended in 15 mL of
physiological saline. The cell suspension is added to the wells of a flat-bottom microplate in
triplicate. After fixation and denaturation of the LNC, anti-BrdU antibody is added to each well,
and after rinsing, substrate solution containing tetramethylbenzidine (TMB) is added and allowed
to produce chromogen. Absorbance at 370 nm with a reference wavelength of 492 nm is defined
as the BrdU labeling index.

21 Animals

2.1.1 Animal source

Young adult female mice (nulliparous and nonpregnant) of the CBA/JN or other recommended
mouse strains, such as CBA/Ca or CBA/J strain, should be used at age 8-12 weeks. All animals
should be age matched (preferably within a 1-week time frame).

2.1.2 Quarantine and Acclimation

Healthy animals in good general condition on arrival should be quarantined for more than 5 days.
During the quarantine and acclimation period, clinical signs, body weights, and excrement of the
animals should be observed.

2.1.3 Grouping

Animals confirmed to be in good health with favorable body weight gains during the quarantine
and acclimation period should be allocated to groups by a stratified randomization or other
appropriate methods before the start of the study.



2.1.4 |dentification

Animals should be identified by colored marks on the tails, ear tags, or other appropriate
methods.

2.1.5 Animal Husbandry

The animals should be housed in an animal room maintained at a temperature of 22 + 3°C and a
relative humidity of 30%-70%. The rooms should be artificially lighted for 12 hours daily, and
the animals should be given free access to conventional laboratory diet and drinking water.

2.2 Chemicalsand Vehicle

2.2.1 Vehicle

The solvent/vehicle should be selected on the basis of maximizing the test concentrations while
producing a solution/suspension suitable for application of the test substance. In order of
preference, recommended solvents/vehicles are AOO, DMF, methyl ethyl ketone, propylene
glycol, and DMSO, but others may be used.

2.2.2 Test Chemicals

Solid test substances should be dissolved in appropriate solvents or vehicles and diluted, if
appropriate, prior to dosing of the animals. Liquid test substances may be dosed directly or
diluted prior to dosing. Fresh preparations of the test substance should be prepared daily unless
stability data demonstrate the acceptability of storage.

2.2.3 Controls

Concurrent negative (vehicle) and positive controls should be included in each test. The positive
control (50% hexyl cinnamic aldehyde, CASRN 101-86-0) should be used to ensure the
appropriate performance of the assay. The positive control should produce a positive LLNA
response at an exposure level expected to give an increase in the stimulation index (SI) >2 over
the negative (vehicle) control group.

2.2.4 Dose sdection

Doses are selected from the concentration series 100%, 50%, 25%, 10%, 5%, 2.5%, 1%, 0.5%,
etc. The maximum concentration tested should be the highest achievable level while avoiding
overt systemic toxicity and excessive local irritation. All test solutions should be prepared on the
day of application unless the stability is confirmed in advance.

2.25 Preparation of BrdU

BrdU should be accurately weighed and dissolved in physiological saline for injection to make a
10 mg/mL solution. The BrdU solution should be sterilized by a commercial filtration system (i.e.
MILLEX®-HV, MILLIPORE etc.). The BrdU solution can be prepared before administration and
stored in a freezer below -20°C until use.



23  Animal Experiment

2.3.1 Grouping

A minimum of four successfully treated animals is used per dose group, with a minimum of three
consecutive concentrations of the test substance plus a negative (vehicle) control and a positive
control group.

TableC-1-1  Structureof LLNA: BrdU-ELISA Test Groups

Group Number of Animals
Negative (vehicle) control 4
Positive control (50% hexyl cinnamic 4
aldehyde)
Test substance-low dose 4
Test substance-middle dose 4
Test substance-high dose 4

2.3.2 Sensitization Procedure

Apply 25 pL of test solution to the dorsum of both ears of the mice using microvolume pipette
daily for 3 consecutive days.

2.3.3 BrdU Administration

A single intraperitoneal injection of 0.5 mL of BrdU solution (5 mg/mouse/injection) should be
given to the mice 48 hours after the topical application.

2.3.4 General Condition

Clinical signs should be observed at least once a day.

2.3.5 Body Weights

Body weights should be measured on the day of the first test substance application and on the day
that lymph nodes are collected.

2.3.6 Caoallection of Lymph Nodes And Measurement of Lymph Node Weight

Approximately 24 hours after BrdU injection, the auricular lymph nodes should be removed. The
lymph nodes should be carefully dissected and trimmed of fascia and fat, weighed, and stored
individually in a 1.5 mL centrifuge tube at -20°C until the ELISA is performed.

24  BrdU-ELISA

The incorporation of BrdU into lymph node cells should be determined using a commercial cell
proliferation assay kit (Roche Diagnostics GmbH, Roche Applied Science, 68298 Mannheim,
Germany; Cat. No. 11 647 229 001) after they are crushed and suspended in physiological saline.
The absorbance is defined as the BrdU labeling index. Follow the instructions in the assay Kkit.



25  Preparation of Reagentsin the BrdU-ELISA Kit

The assay method should be according to the instruction manual in the assay kit excluding
preparation of the BrdU labeling solution.

25.1 Peroxidase (POD) Conjugated Anti-BrdU Antibody (Anti-BrdU-POD) Stock
Solution

Dissolve anti-BrdU-POD (bottle 3) in 1.1 mL double-distilled water for 10 minutes, and mix
thoroughly. This solution can be stored at 2-8°C for several months. For long-term storage it is
recommended to store the solution in aliquots at -15 to -25°C.

2.5.2 Anti-BrdU-POD Working Solution

Dilute anti-BrdU-POD stock solution 1:100 with antibody dilution solution (bottle 4). For one
96-well microtiter plate, dilute 100 mL anti-BrdU-POD stock solution in 10 mL antibody dilution
solution (bottle 4). Prepare shortly before use.

2.5.3 Washing Solution

Dilute washing buffer concentrate (bottle 5) 1:10 with double distilled water. For one 96-well
microtiter plate, dilute 10 mL washing buffer concentrate (bottle 5) with 90 mL double-distilled
water. This solution can be stored at 2-8°C for several weeks.

2.6  Preparation of Cell Suspension of Lymph Nodes

The procedure for preparing the lymph node cell (LNC) suspension is a critical step of this assay.
It is most important to crush the lymph nodes and suspend the LNC completely. Every technician
should establish this skill in advance. The lymph nodes in negative control animals are very
small, so careful operation is required to avoid an artificial effect on SI values.

2.6.1 Optimizing Assay Condition

Mean absorbance of negative (vehicle) control group should be within 0.1-0.2. Because the
absorbance depends on the combination of assay apparatus and the target volume of the LNC
suspension, every laboratory should decide their own optimal target volume of LNC suspension
in advance so that the absorbance of the negative control is within 0.1-0.2. The volume is
expected to be approximately 15 mL. The volume of the LNC suspension for all test animals
should be adjusted to the optimized volume.

2.6.2 Preparation of LNC Suspension

A small amount (approximately 0.3 mL) of physiological saline should be added to the centrifuge
tube that contains the collected lymph nodes. The lymph nodes should be crushed with a
disposable plastic pestle to make the LNC suspension. The LNC suspension should be passed
through a #70 nylon mesh and adjusted to the optimal target volume in a 50 mL Falcon tube.

[Note: Although a crushing apparatus other than a plastic pestle can be used to prepare the LNC,
the target volume of the LNC suspension should be adjusted to the optimized volume.]

2.7  Assay Flow (BrdU-ELISA)

1. The cell suspension (100 pL) is added to the wells of a flat-bottom microplate (three
wells per sample) after mixing thoroughly with a vortex. Simultaneously, three blank
wells should be prepared by adding 100 uL of physiological saline.



2. After filling all sample wells and blank wells, the plate should be centrifuged at
300 x g for 10 minutes.

3. Remove 3/4 of the supernatant volume. Great care should be taken so that the LNC
are not aspirated.

4. The assay plate should be dried completely in a hot-air oven.

5. Add 200 pL of Fix-Denat solution and allow plate to stand for 30 minutes at room
temperature.

6. Remove the Fix-Denat solution completely.

7. Add 100 pL of anti-BrdU-POD antibody working solution and allow it to react for

1 hour.

Remove the anti-BrdU-POD antibody solution completely.

9. Add 200 pL of wash solution into each well, and wash the well by pippetting
10 times. Discard the wash solution completely.

10. The wash step (Step 9) should be repeated twice (three times total).

11. Add 100 pL of TMB substrate solution and let it stand for 15 minutes at room
temperature in a dark place.

12. Measure an absorbance (ABS) at 370 nm with a reference wavelength of 492 nm.
When using stop solution (1 M sulfuric acid, 25 uL/well), measure ABS at 450 nm
with a reference wavelength of 690 nm.

*

3.0 Calculation of Results
BrdU labeling index and SI are defined as follows:

3.1  Without Stop Solution
BrdU labeling index = (ABS370—ABSblank370) — (ABS490—ABSblank490)

3.2  With Stop Solution
BrdU labeling index = (ABS450-ABSblank450) — (ABS650'ABSblank650)

3.3 Stimulation Index

SI= BrdU labeling index for each test animal
Mean BrdU labeling index for concurrent vehicle control group

4.0 Evaluation of Results

4.1  SuccessCriteriafor Each Experiment

Employing the optimized assay condition described previously, the mean SI for the positive
control group (50% hexyl cinnamic aldehyde) should be equal to or greater than 2. If not, any
data derived from the experiment should not be used for evaluation.

4.2 Evaluation of the Results

The mean BrdU labeling index for each animal should be calculated based on the results of BrdU
ELISA. The SI for each animal should be calculated by dividing of the mean BrdU labeling index
for each treated animal by the mean BrdU labeling index of the concurrent vehicle control group.

A positive response is defined as mean SI of the test group >2.
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Physicochemical Properties of Substances Tested Usingthe LLNA: BrdU-ELISA

Moal. . :
Chemical Name Synonyms CASRN | Weight LO%Z Pept_ld_es Physical Chemical Class’ Structure
Kow Reactivity Form
(g/moal)
Hydrocarbon,
halogenated; i i
1-Chloro-2- 2.4-Dinitrochloro= 1 g7 667 | 20255 | -0.057 |  High Solid | Mo o o
dinitrobenzene benzene compounds; _
Hydrocarbons, “
cyclic
- p-PDA; p- . . _(25_
1,4-Phenylenediamine L 106-50-3 | 108.141 1.17 NA Solid Amines N
Phenylenediamine N
CH, CH,
2-Hydroxypropyl 2-HPMA 923-26-2 | 144.168 | 1.03 Low Solid | Carboxylic acids )\/\F(K
methacrylate I
2-Mercaptobenzothiazole | Captax 149-30-4 | 167253 | 1.8 High Solig | Heterocyclic Q $s
compounds :
2-Methoxy-4-(7-
methoxy-3-methyl-3- | ppy drodiisoeugenol | 2680-81-1 | 32639 | NA NA NA | Carboxylic acids

propenyl-2,3-dihydro-
benzofuran-2yl)-phenol




Physicochemical Properties of Substances Tested Usingthe LLNA: BrdU-ELISA

Mol. , .
Chemical Name Synonyms CASRN | Weight KIBCVJ\%,Z R:aegtll\ﬂ? 3 Plrz]}(;?r%al Chemical Class® Structure
(g/mol) y
2,2'-Dihydroxyl-3,3'-
dimethoxy-5,5'"-diallyl- DHEA NA 326.39 NA NA NA Carboxylic acids
biphenyl
3-(4-Isopropylphenyl) 05 .o L "
isobutyraldehyde Cyclamen aldehyde 103-95-7 190.28 3.28 Low Liquid Carboxylic acids we L
oH
. m-Aminophenol; 3- . .
3-Aminophenol o 591-27-5 | 109.126 1.17 NA Solid Amines; Phenols
Hydroxyaniline
hH,
A o
4-[1-Hydroxy-2-(2- m/l;) CH-CH-CH,
methoxy-4-propenyl- B-0-4-Dilignol NA 32739 | NA NA NA Carboxylic acids L
phenyoxy)-propyl]-2- v AN

methoxy-phenol




Physicochemical Properties of Substances Tested Using the LLNA: BrdU-ELISA
Mol. | og | Peptide | Physical
Chemical Name Synonyms CASRN | Weight %2 eptic 3 y Chemical Class® Structure
Kow Reactivity Form
(g/moal)

4-

Chlorobenzeneamine;
4-Chloroaniline Aniline, p-chloro-; 106-47-8 127.57 1.8 NA Liquid Amines HM @'«‘

Benzenamine, 4-

chloro-

Metol it i
4-Methylaminophenol p- . Amines; © ©
sulfate Methylaminophenol 33-55-0 344.386 | -0.13 NA Solid Phenols g H .

sulfate R ’

CH;O

HO» i
4,5'-Diallyl-2'-hydroxy- o
2,3'-dimethoxyphenyl DHEB NA 326.39 NA NA NA Carboxylic acids OCH;
ether

C!.
5-Chloro-2-methyl-4- | CMI 26172.55. f(‘)*rlnf”g nds —
isothiazolin-3-one MCI 4 149.599 | 0.92 High Liquid He teI; ocvelic
solution Kathon CG Y “N =0

compounds




Physicochemical Properties of Substances Tested Usingthe LLNA: BrdU-ELISA
. M.O . Log Peptide Physical . 4
Chemical Name Synonyms CASRN | Weight 12 L3 Chemical Class Structure
Kow Reactivity Form
(g/moal)
Aniline Benzenamine 62-53-3 93.1265 1.56 NA Liquid Amines H @
Benzoquinone p-Quinone; 1,4- 106-51-4 | 108.095 | 1.17 High Solid | Quinones
Cyclohexadienedione ’ ‘
Benzene chloride ?};(%irgcarbons, cl
Chlorobenzene Monochlorbenzene 108-90-7 | 112.557 2.19 NA Liquid yelue,
: Hydrocarbons,
Phenyl chloride
halogenated
H
|
0
Cinnamyl alcohol H T/«(H
Cinnamic alcohol 3-Phenyl-2-propen-1- | 104-54-1 134.18 2.29 NA Solid Alcohols
ol f




Physicochemical Properties of Substances Tested Usingthe LLNA: BrdU-ELISA

Moal. . :
Chemical Name Synonyms CASRN | Weight LO%Z Pept_lcje 3 Physical Chemical Class’ Structure
Kow Reactivity Form
(g/moal)
Cinnamal,
Cinnamic aldehyde cinnamaldehyde; 3- 104-55-2 132.16 2.29 High Liquid Aldehydes Q—\\_
phenyl-2-propenal e
3,7-Dimethyl-2,6- e
Citral octadienal; Geranial- | 5392-40-5 | 152.233 | 2°¥ NA Liquid | Hydrocarbons, N
. 3.45 other o, o,
neral mixture
Cobalt chloride Cobaltous chloride | 7646-79-9 | 129.84 | NA NA Solig | [noreanic .
chemicals o1
-Z-ACH
Diethyl maleate Ethyl maleate 141-05-9 172.18 0.89 NA Liquid Carboxylic acids ’




Physicochemical Properties of Substances Tested Usingthe LLNA: BrdU-ELISA

Mol. . .
Chemical Name Synonyms CASRN | Weight LO%Z Pept_ld_e 3 Physical Chemical Class® Structure
Kow Reactivity Form
(g/mal)

1,2- _

Benzenedicarboxylic N SN
Diethyl phthalate acid, diethyl ester; 84-66-2 222.24 1.87 Minimal Liquid Carboxylic acids 8

Diethyl 1,2-

benzenedicarboxylate
Dimethyl isophthalate Dimethyl m-phthalate | 1459-93-4 | 194.19 1.66 NA Solid Carboxylic acids ““/'WKQ\P/\“
Diphenyleyclopropenone | > Diphenyleyclo- | age s 4 | 20624 | 325 High Solig | Hydrocarbons, A

propenone cyclic A O
Ethlene glycol . L L JOL o 1§
dimethacrylate EGDMA 97-90-5 198.216 1.38 High Liquid Carboxylic acids “/ A




Physicochemical Properties of Substances Tested Usingthe LLNA: BrdU-ELISA

Moal. . :
Chemical Name Synonyms CASRN | Weight LO%Z Pept_ld_e 3 Physical Chemical Class’ Structure
Kow Reactivity Form
(g/moal)
2-Propenoic acid, 0 CH
Ethyl acrylate cthyl ester 140-88-5 | 100.10 | 1.2 NA Liquid | Acrylates Hzc/p\[( ~
yhacry Acrylic acid, ethyl ' ' q y 0
ester
2-Methoxy-4-(2- o,
propenyl)phenol; 4- 215/ o
Eugenol Allyl-2- 97-53-0 164.201 2' 73 NA Liquid Carboxylic acids
methoxyphenol; 4- ' " _—
Allylguaiacol :
o]
Formaldehyde Formalin 50-00-0 | 30.03 | 033 | Moderate | Liquid | Aldehydes g
H H
Glutaraldehyde Glutaral 111-30-8 100.12 0.92 High Liquid Aldehydes N




Physicochemical Properties of Substances Tested Usingthe LLNA: BrdU-ELISA

Mol. . .
Chemical Name Synonyms CASRN | Weight LO%Z Pept_ld_e 3 Physical Chemical Class® Structure
Kow Reactivity Form
(g/moal)
Glycerol Glycerin 56815 | 9209 | 005 | Minimal | Liquid | Alcohols: o™ o
Y Y ’ ’ d Carbohydrates oH
Hexane Hexyl hydride; n- 110-543 | 86.1754 | 194 | Minimal | Liquid | Hydrocarbons, E N
Hexane acyclic
HCA,; alpha- ,
Hexylcinnamaldehyd 377, o
Hexyl cinnamic aldehyde | e; 2- 101-86-0 | 216.319 ’ Minimal Liquid Aldehydes B
4.82 ,
(Phenylmethylene) Ho
octanal
. 7-Hydroxy-3,7- . Hydrocarbons, H’Wo
Hydroxycitronellal dimethyloctanol 107-75-5 172.26 2.15 Low Liquid other o L
o Germall 115 39236-46- , (o s A
Imidazolidinyl urea Imidurea 9 388.294 -3 NA Solid Urea :(I Y




Physicochemical Properties of Substances Tested Usingthe LLNA: BrdU-ELISA

Moal. . :
Chemical Name Synonyms CASRN | Weight LO%Z Pept_ld_e 3 Physical Chemical Class® Structure
Kow Reactivity Form
(g/moal)

2-Methoxy-4- Ho =,
Isoeugenol propenylphenol; 4- 97-54-1 164.201 2.15 NA Liquid Carboxylic acids

Propenylguaiacol .
Isopropanol Isopropyl aleohol, 2- 1 ¢ 63 | 60.005 | 0.82 | Minimal Liquid | Alcohols )\

Propanol ’ ’ e ew,

. 1-Methylethyl .. A ..
Isopropyl myristate tetradecanoate 110-27-0 270.46 3.88 Minimal Liquid Lipids
Lactic acid ilifiydmxypmpano‘c 50-21-5 | 90.08 | 0.05 | Minimal Liquid | Carboxylic acids W)L
OH

Linalool 3.7-dimethylocta-6- | 55 706 | 15425 | 254 NA Liquid | Hydrocarbons e,

dien-3-ol




Physicochemical Properties of Substances Tested Usingthe LLNA: BrdU-ELISA

Mol. , .
Chemical Name Synonyms CASRN | Weight LO%Z Pept_ld_e 3 Physical Chemical Class’ Structure
Kow Reactivity Form
(g/moal)
/0 o
Oil of wintergreen; 2- Phenols: e o
Methyl salicylate Hydroxybenzoic acid | 119-36-8 152.15 1.28 Minimal Liquid Lo
Carboxylic acids
methyl ester
Inorganic
chemicals,
. . . . . metals; Cl
Nickel chloride Nickelous chloride 7718-54-9 | 129.60 NA NA Solid . /
Inorganic i
chemicals,
elements
Inorganic
chemicals,
metals; ﬁ
Nickel sulfate Nickelous sulfate 7786-81-4 | 154.76 NA NA Solid Inorganic o=s= e
chemicals, o
elements
N
Phenyl benzoate Diphenylcarboxylate 93-99-2 198.22 2.89 NA Solid Carboxylic acids A m\\,,/]
(J
1,2- o
Propylene glycol Dihydroxypropane; 57-55-6 | 76.0944 | 0.43 Minimal Liquid Alcohols HO\/j\CH

1,2-Propanediol




Physicochemical Properties of Substances Tested Usingthe LLNA: BrdU-ELISA

Mol. . .
Chemical Name Synonyms CASRN | Weight LO%Z Pept_ld_e 3 Physical Chemical Class® Structure
Kow Reactivity Form
(g/moal)
Salicylic acid 2-Hydroxybenzoic 69-72-7 | 138.121 | 1.03 NA Solid | Phenols; ok
acid Carboxylic acids
OH
Irium )
Sodium dodecyl ﬁlci(:ihsc.)ls,
Sodium lauryl sulfate sulfate 151-21-4 | 288.38 1.87 NA Solid p1as; D
DS Sulfur b
SLS compounds
4-
grrrrllligzbenzenesulfon Amides: .
S . Sulfur Il
Sulfanilamide 4- 63-74-1 172.21 0.4 NA Solid compounds: RN 5N,
Aminophenylsulfon- 'P ’ 0
amide Amines
4-Sulfamoylaniline
g
trans-Cinnamaldehyde | 3-Phenylpropenal 143791 101 36 | 182 NA Liquid | Aldehydes @A




Physicochemical Propertiesof Substances Tested Using the LLNA

: BrdU-ELISA

Chemical Name

Synonyms

CASRN

Moal.
Weight
(g/moal)

Log
Kow™?

Peptide
Reactivity®

Physical
Form

Chemical Class*

Structure

Trimellitic anhydride

1,2,4-
Benzenetricarbox-
ylic acid, cyclic 1,2-
anhydride (8CI); 1,3-
Dihydro-1,3-dioxo-5-
isobenzofuran-
carboxylic acid; 5-
Isobenzofuran-
carbox-ylic acid; 1,3-
dihydro-1,3-dioxo-
Benzene-1,2,4-
tricarboxylic acid
1,2-anhydride

552-30-7

192.13

1.95

Low

Solid

Anhydrides;
Carboxylic acids

Xylene

Dimethylbenzene
Methyl toluene

1330-20-7

106.17

3.09

NA

Liquid

Hydrocarbons,
aromatic

CH,
CH,

Abbreviations: CASRN=Chemical Abstracts Registry Number; g/mol=grams per mole; NA = not available.

! Physicochemical properties were obtained from PubChem (http://pubchem.ncbi.nlm.nih.gov/), ChemID

(http://chem.sis.nlm.nih.gov/chemidplus/chemidheavy.jsp), or the Sigma Chemical Catalog.

? K,y represents the octanol-water partition coefficient (expressed on log scale). When two numbers are shown, the first number is the value calculated by the
method of Moriguchi et al. (1994 Chem Pharm Bull 42:976-978) and provided in Gerberick et al. (2005 Dermatitis 16:157-202). The second number was
calculated by the method of Meylan and Howard (1995 J Pharm Science 84:83-92) and obtained from the website: http://www.srcinc.com/what-we-

do/databaseforms.aspx?id=385 .

? Peptide reactivity data obtained from: Gerberick et al. 2007a.



http://www.srcinc.com/what-we-do/databaseforms.aspx?id=385�
http://www.srcinc.com/what-we-do/databaseforms.aspx?id=385�
http://chem.sis.nlm.nih.gov/chemidplus/chemidheavy.jsp
http:http://pubchem.ncbi.nlm.nih.gov

* Chemical classifications based on the Medical Subject Headings classification for chemicals and drugs developed by the National Library of Medicine found at
http://www.nlm.nih.gov/mesh/meshhome.html.


http://www.nlm.nih.gov/mesh/meshhome.html�
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LLNA: BrdU-ELISA, Traditional LLNA, Guinea Pig, and Human Results

for Substances Tested Usingthe LLNA: BrdU-ELISA

Highes Referenc
LLNA: Trad. GP
Chemical Veh.i tConc. | Highest BrdU LE: A Resul Human Ref. Trad. Ref. GP Ref. Skin e Skin
Name ) Tested SI Result* LLNAS ) Humané | Irritant? | Irritatio
Ref.2 Result3 t
(%) n
Takeyoshi
+
1,4-Phenylene- etal. 2005., ICCVAM 1999 ICCVAM ICCVAM No at Basketter
diamine AOO 2 11.70 Takeyoshi (26.4 + + (Gerberick et al. 1999 1999 <0.5% etal.
etal. 10/(;)’ 2005) (GP) 2007
2007b
Takeyoshi
+
1,4-Phenylene- etal. 2005., ICCVAM 1999 ICCVAM ICCVAM No at Basketter
diamine AOO 10 14.70 Takeyoshi (26.4 + + (Gerberick et al. 1999 1999 <0.5% etal.
etal. 1%)’ 2005) (GP) 2007
2007b
2- Tak hi ) ICCVAM 1999 No at
akeyosi + (case . ICCVAM Bjorkner oa Scholes et
Hydroxypropyl AOO 50 1.13 etal. (13 - study, (Gerberick et al. 1999 1984 <10% al. 1992
-methacrylate 2007b o 0.1%) 2005) (GP) :
50%)
2- Takeyoshi * * ICCVAM 1999 | | [CSZ;;M Noat | Basketter
Mercaptobenzo DMF 50 1.627 etal. (8.6 + (5/24 (Ryan et al. 1999 (Kligman <10% etal
-thiazole 2007b 10%) 10%) 2000) 1966) (GP) 2007
2- Takeyoshi * * ICCVAM 1999 | | [CSZ;;M Noat | Basketter
Mercaptobenzo | DMSO8 25 2.23910 | unpublish- (8.6 + (5/24 (Ryan et al. 1999 (Kligman <10% etal
-thiazole ed 2009 10%) 10%) 2000) 1966) (GP) 2007




LLNA: BrdU-ELISA, Traditional LLNA, Guinea Pig, and Human Results
for Substances Tested Usingthe LLNA: BrdU-ELISA

Highes Referenc
LLNA: Trad. GP
Chemical tConc. | Highest ra Human Ref. Trad. Ref. Skin e Skin
Veh.t BrdU LLNA Resul Ref. GP . o
Name Tested SI Result* LLNAS Human® | Irritant? | Irritatio
Ref.2 Result3 t
(%) n
ICCVAM
2- Takeyoshi * * ICCVAM 1999 | |0 1999 Noat | Basketter
Mercaptobenzo | DMSO8 25 2.511011 | ynpublish- (8.6 + (5/24 (Ryan et al. 1999 (Kligman <10% etal
-thiazole ed 2009 10%) 10%) 2000) 1966) (GP) 2007
2-Methoxy-4-
(7-methoxy-3-
methyl-5-
1-2,3-
Sfl:) p;:oy Takeyoshi Takeyosh No at < Takeyosh
benyzofuran- AOO 30 5.37 etal. NA + NA NA ietal NA 506 (GF_’) ietal
2007a 2007a ° 2007a
2yl)-phenol
(Synonym:
Dehydrodiisoe
ugenol)
2,2'-
Dihyd 1-
3 13 ,y d'rox%c]h Takeyoshi Takeyosh No at Takeyosh
co d;;rl’le : Y 0o 30 2.30 etal. NA - NA NA ietal. NA <5% ietal.
’ ¥ 2004a 2004a (GP) 2004a
biphenyl
(DHEA)
+
2,4- ICCVAM 1999 No at Baskett
. Kojima et ) ICCVAM | ICCVAM oa askerer
Dinitrochloro- AOO 1 4.30 al. 2008 1 (43.9 + + (Kimber et al. 1999 1999 <0.1% etal.
benzene : o 1995) (GP) 2007

0.25%)




LLNA: BrdU-ELISA, Traditional LLNA, Guinea Pig, and Human Results

for Substances Tested Usingthe LLNA: BrdU-ELISA

Highes Referenc
LLNA: Trad. GP
Chemical tConc. | Highest ra Human Ref. Trad. Ref. Skin e Skin
Veh.t BrdU LLNA Resul Ref. GP . o
Name Tested SI Result* LLNAS Human® | Irritant? | Irritatio
Ref.2 Result3 t
(%) n
+
2,4- ICCVAM 1999 No at Baskett
- Kojima et ) ICCVAM | ICCVAM oa askerter
Dinitrochlorob AOO 1 8.37 + + (Kimber et al. <0.1% etal.
al. 20082 | (43.9, 1995 1999 1999 cp 2007
enzene 0.25%) ) (GP)
+
2,4- ICCVAM 1999 No at Baskett
- Kojima et : ICCVAM | ICCVAM oa askerter
Dinitrochlorob AOO 1 6.2612 + + (Kimber et al. <0.1% etal.
al. 20083 | (43.9, 1995 1999 1999 cp 2007
enzene 0.25%) ) (GP)
+
2,4- ICCVAM 1999 No at Baskett
a Kojima et ) ICCVAM | ICCVAM o asketter
Dinitrochlorob AOO 1 5.50 + + (Kimber et al. <0.1% etal.
al. 20084 | (43.9, 1995 1999 1999 cp 2007
enzene 0.25%) ) (GP)
+
2,4- ICCVAM 1999 No at Baskett
a Kojima et ) ICCVAM | ICCVAM o asketter
Dinitrochlorob AOO 1 18.8012 + + (Kimber et al. <0.1% etal.
al. 2008 5 (43.9, 1995 1999 1999 GP 2007
enzene 0.25%) ) (GP)
+
2,4- ICCVAM 1999 No at Baskett
- Kojima et ) ICCVAM | ICCVAM oa asketter
Dinitrochlorob AOO 1 4.83 + + (Kimber et al. <0.1% etal.
al. 2008 6 (43.9, 1995 1999 1999 GP 2007
enzene 0.25%) ) (GP)
+
2,4- ICCVAM 1999 No at Baskett
- Kojima et ) ICCVAM | ICCVAM oa asketter
Dinitrochlorob AOO 1 12.98 al. 2008 7 (43.9 + + (Kimber et al. 1999 1999 <0.1% etal.
enzene : o 1995) (GP) 2007

0.25%)




LLNA: BrdU-ELISA, Traditional LLNA, Guinea Pig, and Human Results
for Substances Tested Usingthe LLNA: BrdU-ELISA

Highes Referenc
LLNA: Trad. GP
Chemical tConc. | Highest ra Human Ref. Trad. Ref. Skin e Skin
Veh.t BrdU LLNA Resul Ref. GP . o
Name Tested SI Result* LLNAS Human® | Irritant? | Irritatio
Ref.2 Result3 t
(%) n
+
2,-4-. Takeyoshi IC(;VAM 1999 ICCVAM ICCVAM No at Basketter
Dinitrochlorob AOO 2 17.90 + + (Kimber et al. <0.1% etal.
etal. 2005 | (43.9, 1995 1999 1999 cp 2007
enzene 0.25%) ) (GP)
Takeyoshi
+
2,-4-. etal. 2006., IC(;VAM 1999 ICCVAM ICCVAM No at Basketter
Dinitrochlorob AOO 2 6.84 Takeyoshi + + (Kimber et al. <0.1% etal.
tal (435, 1995 1999 1999 GP 2007
enzene etal. 0.25%) ) (GP)
2007b
4-[1-Hydroxy-
2-(2-methoxy-
4-propenyl-
phenyoxy)- Takeyoshi Takeyosh No at < Takeyosh
propyl]-2- AOO 30 1.1913 etal. NA - NA NA ietal. et NA 54 (Gl;) ietal. et
methoxy- 2007a al. 2007a ’ al. 2007a
phenol
(Synonym: B-0-
4-Dilignol)
, Basketter
. Takeyoshi * Basketter et al. ICCVAM Basketter Noat and
4-Chloroaniline AOO 25 2.53 etal. + + 2000 1999 etal 2.5% Scholes
2007b (3:3) 1999 (GP)

1992




LLNA: BrdU-ELISA, Traditional LLNA, Guinea Pig, and Human Results
for Substances Tested Usingthe LLNA: BrdU-ELISA

Highes Referenc
LLNA: Trad. GP
Chemical Veh.t tConc. | Highest BrdU L{; A Resul Human Ref. Trad. Ref. GP Ref. Skin e Skin
Name ' Tested SI Ref2 Resnlts R Result* LLNAS ) Humané | Irritant? | Irritatio
(%) ' n
4- Takeyoshi * N Basketter and Basal;e;ter Basketter No at < Basketter
Methylamino- DMF 10 3.98 unpublish- (6.7 + (HPTA) Scholes 1992 Scholes etal. 504 (Gl;) etal.
o/, y 1 0
phenol sulfate ed 2009 2.5%) 1992 1999b 2007
4,5'-Diallyl-2'-
h, droi{a }2, 3 Takeyoshi Takeyosh No at < Takeyosh
dfmethzxy'phen A0O 20 7.30 etal. NA + NA NA ietal. NA sooGpy | et
0
2004 2004 2004
yl ether (DHEB) a a a
i;:thhlolrz-z- Takeyoshi * Gerberic | .\, | Nonirrita | Basketter
isothi};zolin 3 DMF 0.5 4.83 unpublish- (0.1 + + ICCVAM 1999 k etal. 1999 ntat 0.1% etal.
one solution ed 2009 277) 2005 (GP) 2007g
. No at< Basketter
0,
Takeyoshi * CCVAM 1999 | | [CSZ;;M 1(22)/? etal.
Aniline AO0O0 100 2.07 unpublish- (3.6, + 5 (Basketter et al. . e 2007;
ed 2009 1009)!1 (7/25at 1991) 1999 (Kligman | Irritant
; 20%) 1966) | at20%in | Kligman
humans 1966




LLNA: BrdU-ELISA, Traditional LLNA, Guinea Pig, and Human Results
for Substances Tested Usingthe LLNA: BrdU-ELISA

Highes Referenc
LLNA: Trad. GP
Chemical tConc. | Highest ra Human Ref. Trad. Ref. Skin e Skin
Veh.1 BrdU LLNA Resul Ref. GP . .
Name Tested SI Result* LLNAS Human® | Irritant? | Irritatio
Ref.2 Result3 t
(%) n
No data.
Low
irritancy
Takeyoshi i ICCVAM potential | Basketter
Chlorobenzene AOO 100 4.4310 unpublish- - NA ICCVAM 1999 NA assumed etal.
d 2009 (1.7, 1999 based 1998
e 10%) aée. on
clinical
literature
Cinnamic Takeyoshi + Gerberick et al Robinson Jordan Nonirrit. | Robinson
alcohol AOO 50 2.74 unpublish- (5.7, + + 2005 ’ etal. and King at 1% etal.
ed 2009 100%) 1990 1977 (GP) 1990
. + Mild
Cinnamic 400 0 207 Tat‘z’;’sm . . (;Caixggeige?:l ICCVAM | ICCVAM | irritantat | ECETOC
aldehyde ’ 20075 (184, 1992) ' 1999 1999 100% 1995
25%)13 (rabbits)
Takeyoshi
+
- etal. ICCVAM 1999 ICCVAM ICCVAM No at Basketter
Citral AOO 50 16.35 2007Db; (205 + + (Basketter et al. 1999 1999 <0.5% etal.
Takeyoshi 20%) 1991) (GP) 2007
etal. 2005
Basketter
Takeyoshi + Negative
ICCVAM ICCVAM d
Cobalt chloride | DMSO | 5 3.68 | unpublish- " + ICCVAM 1999 1996 Lago | ALS05% | o
ed2009 | (75,5) (GP)

1992




LLNA: BrdU-ELISA, Traditional LLNA, Guinea Pig, and Human Results
for Substances Tested Usingthe LLNA: BrdU-ELISA

Highes Referenc
LLNA: Trad. GP
Chemical tConc. | Highest ra Human Ref. Trad. Ref. Skin e Skin
Veh.t BrdU LLNA Resul Ref. GP . o
Name Tested SI Result* LLNAS Human® | Irritant? | Irritatio
Ref.2 Result3 t
(%) n
. +
Cyclamen Takeyoshi - (0/64, Gerberick et al. Basketter Yesat ECETOC
aldehyde AOO 100 1.97 etal. (5.2 NA 4%) 2005 NA etal. 100% 1995
Ly 0 .
2007b 50%) 2005 (rabbits)
. +
Cyclamen Takeyo.shl - (0/64, Gerberick et al. Basketter Yesat ECETOC
aldehyde AOO 100 5.71 unpublish- (5.2 NA 4%) 2005 NA etal. 100% 1995
Ly 0 .
ed 2009 50%) 2005 (rabbits)
M 1li
Takeyoshi + Gerberick et al a;rnz(;l ! Nonirrit. | Basketter
Diethyl maleate AOO 25 6.27 unpublish- (22.6, NA + 2005 ' NA Maibach at 100% etal.
d 2009 509 GP 2007b
¢ %) 1980 (GP)
Diethyl ) -
phthalate Takeyoshi * ICCVAM 1999 | 1 caket | 1ccvam | N°3 | EceToc
. AOO 50 0.88 etal. - (Gerberick et al. <100%
(Phthallic acid 2007b (1.5, (HPTA) 2005) al. 1977 1999 (rabbits) 1995
diethylester) 100%)
Takeyoshi ) ICCVAM 1999 Basketter
Dimethyliso- ICCVAM
;ﬁlzla{e‘” A0O 50 1.26 etal. i . . (Basketter and ooy | ctal NA NA
P 2007b ’ Scholes 1992) 1999

25%)




LLNA: BrdU-ELISA, Traditional LLNA, Guinea Pig, and Human Results
for Substances Tested Usingthe LLNA: BrdU-ELISA

Highes Referenc
LLNA: Trad. GP
Chemical tConc. | Highest ra Human Ref. Trad. Ref. Skin e Skin
Veh.t BrdU LLNA Resul Ref. GP . o
Name Tested SI Result* LLNAS Human® | Irritant? | Irritatio
Ref.2 Result3 t
(%) n
Takeyoshi
. etal. 2005; +
Diphenyleyclo- 1\, 2 19.10 | Takeyoshi NA 4 ICCVAM 1999 NA ICCVAM NA NA
propenone 1999
etal. (NA)
2007b
. . +
Diphenyleyelo- - 10 934 | ‘akeyoshi NA ¥ ICCVAM 1999 NA ICCVAM NA NA
propenone etal. 2005 1999
(NA)
Takeyoshi +
Diphenylcyclo- ICCVAM
;g Zgz HCZC | ao0o 10 11.62 etal, NA ¥ ICCVAM 1999 NA 1999 NA NA
prop 2007b (NA)
Takeyoshi + Gerberick et al Van der Mzrnz(l;lll Nonirrit. Van der
Ethyl acrylate AOO 100 4.95 unpublish- (4, - + 2005 ’ Walle et Maibach at3% Walle et
ed 2009 50%) al. 1982 (GP) al. 1982
1974
) ICCVAM ICCVAM . Wahlberg
Ethvlene slveol Takeyoshi + 1999: 1999; Nonirrit. and
rhylene gy MEK 100 311 | unpublish- | (7, - + ICCVAM 1999 ' | Basketter | at1%
dimethacrylate Gerberic Boman
ed 2009 50%) k1992 etal. (GP) 1985
1999Db
+
Takeyoshi ICCVAM 1999 ICCVAM ICCVAM No at Basketter
Eugenol AOO 10 3.18 et al 2005 17 + + (Loveless et al. 1999 1999 <25% etal.
: ' 1996) (GP) 2007

50%)




LLNA: BrdU-ELISA, Traditional LLNA, Guinea Pig, and Human Results
for Substances Tested Usingthe LLNA: BrdU-ELISA

Highes Referenc
LLNA: Trad. GP
Chemical tConc. | Highest ra Human Ref. Trad. Ref. Skin e Skin
Veh.t BrdU LLNA Resul Ref. GP . o
Name Tested SI Result* LLNAsS Humané | Irritant? | Irritatio
Ref.2 Result3 t
(%) n
. +
Takeyoshi ICCVAM 1999 ICCVAM ICCVAM No at Basketter
Eugenol AOO 30 3.30 etal. 17 + + (Loveless et al. 1999 1999 <25% etal.
2004a 500) 1996) (GP) 2007
. +
Takeyoshi ICCVAM 1999 ICCVAM ICCVAM No at Basketter
Eugenol AOO 30 3.83 etal. 17 + + (Loveless et al. 1999 1999 <25% etal.
2007a 500) 1996) (GP) 2007
+
Takeyoshi ICCVAM 1999 ICCVAM ICCVAM No at Basketter
Eugenol AOO 50 12.30 + + (Loveless et al. <25% etal.
etal. 2005 (17, v 1999 1999 cp 2007
50%) ) (GP)
+
Takeyoshi ICCVAM 1999 ICCVAM ICCVAM No at Basketter
Eugenol AOO 50 3.10 + + (Loveless et al. <25% etal.
etal. 2006 (17, 1996 1999 1999 GP 2007
50%) ) (GP)
+
ICCVAM 1999 No at Baskett
Kojima et ICCVAM | ICCVAM oa asketter
Eugenol AOO 50 7.09 + + (Loveless et al. <25% etal.
al. 2008 7 (17, 1996 1999 1999 GP 2007
50%) ) (GP)
¥
ICCVAM 1999 No at Baskett
Kojima et ICCVAM | ICCVAM oa asketter
Eugenol AOO 50 3.17 al. 2008 2 (17 + + (Loveless et al. 1999 1999 <25% etal.
: ' 1996) (GP) 2007

50%)




LLNA: BrdU-ELISA, Traditional LLNA, Guinea Pig, and Human Results
for Substances Tested Usingthe LLNA: BrdU-ELISA

Highes Referenc
LLNA: Trad. GP
Chemical tConc. | Highest ra Human Ref. Trad. Ref. Skin e Skin
Veh.t BrdU LLNA Resul Ref. GP . o
Name Tested SI Result* LLNAS Human® | Irritant? | Irritatio
Ref.2 Result3 t
(%) n
+
Kojima et ICCVAM 1999 ICCVAM ICCVAM No at Basketter
Eugenol AOO 50 3.18 al. 2008 6 17 + + (Loveless et al. 1999 1999 <25% etal.
50%) 1996) (GP) 2007
. +
Takeyoshi ICCVAM 1999 ICCVAM ICCVAM No at Basketter
Eugenol AOO 50 17.70 etal. 17 + + (Loveless et al. 1999 1999 <25% etal.
2007b 50%) 1996) (GP) 2007
+
Kojima et IC(-ZVAM 1999 ICCVAM ICCVAM No at Basketter
Formaldehyde ACE 10 16.59 + + (Kimber et al. <2% etal.
al.20085 | (11.9, 1991 1999 1999 cp 2007
25%) ) (GP)
+
Kojima et IC(-ZVAM 1999 ICCVAM ICCVAM No at Basketter
Formaldehyde ACE 10 4.40 + + (Kimber et al. <2% etal.
al. 2008 1 (119, 1991 1999 1999 GP 2007
25%) ) (GP)
+
ICCVAM 1999 No at Baskett
Kojima et ) ICCVAM | ICCVAM oa asketter
Formaldehyde ACE 10 1.97 + + (Kimber et al. <2% etal.
al. 2008 6 (119, 1991 1999 1999 GP 2007
25%) ) (GP)
Kojima et ' Hilton et. al 1998 Gad et al Scrzszide
Glutaraldehyde ACE 1 28.64 al. 2008 5 (18, + + (Gerbzeor(lJcsl; etal 1986 Akkan NA NA
2.5%) 2004




LLNA: BrdU-ELISA, Traditional LLNA, Guinea Pig, and Human Results
for Substances Tested Usingthe LLNA: BrdU-ELISA

Highes Referenc
LLNA: Trad. GP
Chemical tConc. | Highest ra Human Ref. Trad. Ref. Skin e Skin
Veh.t BrdU LLNA Resul Ref. GP . o
Name Tested SI Result* LLNAsS Humané | Irritant? | Irritatio
Ref.2 Result3 t
(%) n
Kojima et ' Hilton et. al 1998 Gad et al Scrgsiide
Glutaraldehyde ACE 1 3.72 al. 2008 1 (18, + + (Gerbzeor(l);k etal. 1986 Akkan NA NA
2.5%) ) 2004
Kojima et ' Hilton et. al 1998 Gad et al Scrgsiide
Glutaraldehyde ACE 1 2.25 al. 2008 6 (18, + + (Gerbzeor(l);k etal. 1986 Akkan NA NA
2.5%) ) 2004
Takeyoshi
Schneid
etal 2005; | * Hiltonet.al 1998 | | "
Glutaraldehyde | AOO1S 2 14.60 Takeyoshi (18 + + (Gerberick et al. 1986 ' Akkan NA NA
z(i)toa;i) 2.5%) 2005) 2004
Takeyoshi )
etal. 2005; |V Hilton et.al 1998 | . Scrhzszide
Glutaraldehyde | AOO?5 10 15.50 Takeyoshi + + Gerberick et al. ' NA NA
(18 1986 Akkan
2?03715 2.5%) 2005) 2004
Takeyoshi ICCVAM 1999
ICCVAM ICCVAM
Glycerol None8 50 1.29 etal. (1.1, - - (Gerberick et al. 1999 1999 NA NA
2007b 100%)* 2005)

6




LLNA: BrdU-ELISA, Traditional LLNA, Guinea Pig, and Human Results
for Substances Tested Usingthe LLNA: BrdU-ELISA

Highes Referenc
LLNA: Trad. GP
Chemical tConc. | Highest ra Human Ref. Trad. Ref. Skin e Skin
Veh.t BrdU LLNA Resul Ref. GP . o
Name Tested SI Result* LLNAS Human® | Irritant? | Irritatio
Ref.2 Result3 t
(%) n
Takeyoshi ) ) ICCVAM 1999 Iclc(;g‘:M Yes at Klieman
Hexane AOO 100 1.76 unpublish- (2.2 NA (0/25 (Gerberick et al. NA (Kligman 100% 1g66
ed 2009 100%) 100%) 2005) 1966) (humans)
Takeyoshi - - ICCVAM 1999 Iclc‘;g:M Yesat Kligman
H AOO 50 1.89 NA Gerberick et al. NA 1009
exane etal. 2005 | (2.2, (o725, | (Cer zeor(l)‘; eta (Kiigman | & 1966
100%) 100%) ) 1966) | (humans)
+
Hexyl cinnamic Takeyoshi ICCVAM 1999 ICCVAM Basketter No at Basketter
aldehyde AOO 25 2.44 et al 2003 (20 + + (Loveless et al. 1999 etal. <10% etal.
50%) 1996) 1999 (GP) 2007
+
Hexyl cinnamic Takeyoshi ICCVAM 1999 ICCVAM Basketter No at Basketter
aldehyde AOO 50 3.64 etal. 2003 (20 + + (Loveless et al. 1999 etal. <10% etal.
50%) 1996) 1999 (GP) 2007
+
Hexyl cinnamic Takeyoshi ICCVAM 1999 ICCVAM Basketter No at Basketter
aldehyde AOO 50 5.90 etal. 2005 (20 + + (Loveless et al. 1999 etal. <10% etal.
50%) 1996) 1999 (GP) 2007
+
Hexyl cinnamic Takeyoshi ICCVAM 1999 ICCVAM Basketter No at Basketter
aldehvde AOO 50 3.64 etal. 2006 (20 + + (Loveless et al. 1999 etal. <10% etal.
Y ' ' 1996) 1999 (GP) 2007

50%)




LLNA: BrdU-ELISA, Traditional LLNA, Guinea Pig, and Human Results
for Substances Tested Usingthe LLNA: BrdU-ELISA

Highes Referenc
LLNA: Trad. GP
Chemical tConc. | Highest ra Human Ref. Trad. Ref. Skin e Skin
Veh.t BrdU LLNA Resul Ref. GP . .
Name Tested SI Result* LLNAsS Humané | Irritant? | Irritatio
Ref.2 Result3 t
(%) N
¥
ICCVAM 1999 Baskett No at Baskett
Hexy] cinnamic Takeyoshi ICCVAM asketter oa asketter
aldehyde A00 50 272 etal. 2006 (20 * * (Loveless etal. 1999 etal. <10% etal.
50%) 1996) 1999 (GP) 2007
+
Tak hi ICCVAM 1999 Baskett No at Baskett
Hexyl cinnamic akeyoshi ICCVAM asketter oa asketter
aldehyde AOO 50 3.02 etal. (20 + + (Loveless et al. 1999 etal. <10% etal.
2007b 50%) 1996) 1999 (GP) 2007
+
ICCVAM 1999 Baskett No at Baskett
HeXy] cinnamic Kojima et ICCVAM asketter oa asketter
aldehyde AOO 50 3.40 al. 2008 1 (20 + + (Loveless et al. 1999 etal. <10% etal.
50%) 1996) 1999 (GP) 2007
¥
ICCVAM 1999 Baskett No at Baskett
HeXy] cinnamic Kojima et ICCVAM asketter oa asketter
aldehyde AOO 50 2.87 al. 2008 3 (20 + + (Loveless et al. 1999 etal. <10% etal.
50%) 1996) 1999 (GP) 2007
¥
ICCVAM 1999 Baskett No at Baskett
Hexyl cinnamic Kojima et ICCVAM asketter oa asketter
aldehyde AOO 50 3.34 al. 2008 4 (20 + + (Loveless et al. 1999 etal. <10% etal.
50%) 1996) 1999 (GP) 2007
¥
ICCVAM 1999 Baskett No at Baskett
Hexyl cinnamic Kojima et ICCVAM asketter oa asketter
aldehvde AOO 50 13.50 al 2008 5 (20 + + (Loveless et al. 1999 etal. <10% etal.
Y ' ' 1996) 1999 (GP) 2007

50%)




LLNA: BrdU-ELISA, Traditional LLNA, Guinea Pig, and Human Results
for Substances Tested Usingthe LLNA: BrdU-ELISA

Highes Referenc
LLNA: Trad. GP
Chemical tConc. | Highest ra Human Ref. Trad. Ref. Skin e Skin
Veh.t BrdU LLNA Resul Ref. GP . o
Name Tested SI Result* LLNAS Human® | Irritant? | Irritatio
Ref.2 Result3 t
(%) n
+
Hexyl cinnamic Kojima et ICCVAM 1999 ICCVAM Basketter No at Basketter
aldehyde AOO 50 3.27 al. 2008 6 (20 + + (Loveless et al. 1999 etal. <10% etal.
50%) 1996) 1999 (GP) 2007
+
Hexyl cinnamic Kojima et ICCVAM 1999 ICCVAM Basketter No at Basketter
aldehyde AOO 50 3.84 al. 2008 7 (20 + + (Loveless et al. 1999 etal. <10% etal.
50%) 1996) 1999 (GP) 2007
ICCVAM
¥ ¥ 1999
Tak hi ICCVAM 1999 No at Baskett
Hydroxy- akeyosht . ICCVAM (Marzulli oa asketter
citronellal AOO 100 1.34 etal. (85 + (14/73 (Gerberick et al. 1999 and <50% etal.
2007b 100%) 20%) 2005) Maibach (GP) 2007
1980)
ICCVAM
¥ ¥ 1999
Tak hi ICCVAM 1999 No at Baskett
Hydroxy- a eyqs ! . ICCVAM (Marzulli oa asketter
citronellal AOO 100 4.78 unpublish- (85 + (14/73 (Gerberick et al. 1999 and <50% etal.
ed 2009 100%) 20%) 2005) Maibach (GP) 2007
1980)
Basketter
Takeyoshi + No at
Imidazolidinyl Gerberick et al. ICCVAM ICCVAM d
ur:;aazo 1amy DMF 50 161 | unpublish- | (5.5, + ¥ er ‘;rol(c)se a 1996 1999 < 75% Sca;:)les
ed 2009 50%) (GP)

1992




LLNA: BrdU-ELISA, Traditional LLNA, Guinea Pig, and Human Results
for Substances Tested Usingthe LLNA: BrdU-ELISA

Highes Referenc
LLNA: Trad. GP
Chemical t Conc. | Highest ra Human Ref. Trad. Ref. Skin e Skin
Veh.t BrdU LLNA Resul Ref. GP . o
Name Tested SI Result* LLNAS Human® | Irritant? | Irritatio
Ref.2 Result3 t
(%) n
Basketter
. . Takeyoshi + ) No at
Lr:;:azohdmyl DMSO 75 22710 unpublish- (5.5, . N Gerb;rolgl; etal. IClC()\g/;M IC1C9\;/;M <75% Sce;lr:)(lies
ed 2009 50%) (GP)
1992
+
) ICCVAM 1999 No at Basketter
Isoeugenol AOO 10 8.40 z::f };(655151 (31 + + (Basketter and ICfg\g:M ICfg\g?)M <5% etal.
: 50 . Cadby 2004) (GP) 2007
%)
Takeyoshi
etal. 2006; * ICCVAM 1999 ICCVAM ICCVAM No at Basketter
Isoeugenol AOO 10 2.40 Takeyoshi (31 + + (Basketter and 1999 1999 <5% etal.
etal. 50 ) Cadby 2004) (GP) 2007
2007b
Takeyoshi * ICCVAM 1999 ICCVAM ICCVAM No at Basketter
Isoeugenol AOO 30 6.73 etal. 31 + + (Basketter and 1999 1999 <5% etal.
2007a . Cadby 2004) (GP) 2007
5%)
+
. i ICCVAM 1999 No at
Isopropanol AOO 50 2.2213 Kojima et - (case (Gerberick et al. ICCVAM Kwon et <100% ECETOC
al. 2008 1 (1.7, d 1999 al. 2003 . 1995
5006)13 study, 2005) (rabbits)

0.001%)




LLNA: BrdU-ELISA, Traditional LLNA, Guinea Pig, and Human Results
for Substances Tested Usingthe LLNA: BrdU-ELISA

Highes Referenc
LLNA: Trad. GP
Chemical tConc. | Highest ra Human Ref. Trad. Ref. Skin e Skin
Veh.1 BrdU LLNA Resul Ref. GP . .
Name Tested SI Result* LLNAS Humané Irritant? Irritatio
Ref.2 Result3 t
(%) n
+
) ICCVAM 1999 No at
Isopropanol AOO 50 0.9813 Kojima et - (case (Gerberick et al ICCVAM Kwon et < 1(())3‘V ECETOC
prop ' al.20083 | (17, " 1999 al.2003 | =07 1995
500)13 study, 2005) (rabbits)
0.001%)
+
i ICCVAM 1999 No at
Isopropanol AOO 50 1.57 Kojima et (case (Gerberick et al ICCVAM Kwon et < 1(())80/ ECETOC
prop ' al. 20084 | (L7, i | 1999 | aL2003 | = -7 1995
5006)13 study, 2005) (rabbits)
0.001%)
+
) ICCVAM 1999 No at
Isopropanol AOO 50 0.9413 Kojima et (case (Gerberick et al ICCVAM Kwon et < 1(())80/ ECETOC
prop ' al.20085 | (17, " 1999 al.2003 | =07 1995
5006)13 study, 2005) (rabbits)
0.001%)
+
) ICCVAM 1999 No at
Isopropanol AOO 50 2.0413 Kojima et (case (Gerberick et al ICCVAM Kwon et < 1(())3‘V ECETOC
prop ' al.20086 | (17, 4 " 1999 al.2003 | =07 1995
5006)13 study, 2005) (rabbits)
0.001%)
+
i ICCVAM 1999 No at
Isopropanol AOO 50 1.01 Kojima et (case (Gerberick et al ICCVAM Kwon et < 1(())80/ ECETOC
prop ' al. 20087 | (17, stud oos | 1999 | al2003 | bb_t" 1995
509)13 ¥ ) (rabbits)

0.001%)
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for Substances Tested Usingthe LLNA: BrdU-ELISA

Highes Referenc
LLNA: Trad. GP
Chemical tConc. | Highest ra Human Ref. Trad. Ref. Skin e Skin
Veh.t BrdU LLNA Resul Ref. GP . o
Name Tested SI Result* LLNAS Human® | Irritant? | Irritatio
Ref.2 Result3 t
(%) n
+
Takeyoshi ICCVA§11999 ICCVAM Kwon et No at ECETOC
Isopropanol AOO 100 0.9214 etal. - (case (Gerberick et al. <100%
(1.7, 1999 al. 2003 . 1995
2007b 500)13 study, 2005) (rabbits)
0 0.001%)
Takeyoshi
+
etal. 2005; - Ryan et al. 2000 No at
Isopropyl A0O 50 420 | Takeyoshi NA (Gerberick et al. NA Opdyke | _ 1009 | ECETOC
myristate ral (34, (0/25) 2005 1976 bbit 1995
etal. 100%) ) (rabbits)
2007b
. Cosmetic
Kotima et ; ] ICCVAM 1999 | | | Basketter lrsr]itg;tll: Ingredien
Lactic acid DMSO 50 2.53 J - (Gerberick et al. etal. & t Review
al. 2008 7 (2.2, 1999 at 10%
25%) (no data) 2005) 1999 (rabbits) Panel
1998
) Cosmetic
Corinma et ; ] ICCVAM 1999 | | Basketter lrsrlitg:ttlg' Ingredien
Lactic acid DMSO 50 1.89 ) - (Gerberick et al. etal. & | tReview
al. 2008 4 (2.2, 1999 at10%
25%)- (no data) 2005) 1999 (rabbits) Panel
1998
Cosmetic
- Slightl
Kotima et - ICCVAM 1999 | | Basketter irr;tgati: Ingredien
Lactic acid DMSO 50 1.80 J - (Gerberick et al. etal. & t Review
al. 2008 3 (2.2, (no data) 2005) 1999 1999 at 10% Panel
25%)- (rabbits)

1998
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for Substances Tested Usingthe LLNA: BrdU-ELISA

Highes Referenc
LLNA: Trad. GP
Chemical tConc. | Highest ra Human Ref. Trad. Ref. Skin e Skin
Veh.t BrdU LLNA | Resul Ref. GP . o
Name Tested SI Result* LLNAS Human® | Irritant? | Irritatio
Ref.2 Result3 t
(%) n
+ Mild
Takeyoshi Basketter
Gerberick et al. irritantat | ECETOC
Linalool A0O | 100 | 1459 | unpublish- | oo NA - e ;rolgse 2 NA | etal 1rr110a0rl/a oo
.0, 0
d 2009 2001
€ 100%) (rabbits)
+ Mild
Takeyoshi Basketter
Gerberick et al. irritantat | ECETOC
Linalool A00 | 100 465 | unpublish- | o NA - e ;rolgse 2 NA | etal 1rr110a0rl/a oo
.0, 0
d 2009 2001
€ 100%) (rabbits)
Takeyoshi * ICCYAM 1999 ICCVAM No at Basketter
m- 1999; GP ICCVAM
, AOO 25 3.06 etal. NA + . <5% etal.
Aminophenol 2007b (5.7, (Gerbericketal. | was + 1999 GP 2007
10%) 2005) nonstd (GP)
Methyl Kojima et IC(;VAM 1999 ICCVAM ICCVAM Irritant | Gerberick
: AOO 50 1.43 - - (Kimber et al. at 10% etal.
salicylate al. 2008 1 (2.9, 1995 1999 1999 _ 2002
20%) ) (mice)
Methyl Kojima et IC(?VAM 1999 ICCVAM ICCVAM Irritant | Gerberick
: AOO 50 1.44 - - (Kimber et al. at10% etal.
salicylate al. 2008 2 (2.9, 1995 1999 1999 ) 2002
20%) ) (mice)
Methyl Kojima et IC(-ZVAM 1999 ICCVAM ICCVAM Irritant Gerberick
: AOO 50 1.40 - - (Kimber et al. at10% etal.
salicylate al. 2008 3 (2.9, 1999 1999 )
20%) 1995) (mice) 2002




LLNA: BrdU-ELISA, Traditional LLNA, Guinea Pig, and Human Results

for Substances Tested Usingthe LLNA: BrdU-ELISA

Highes Referenc
LLNA: Trad. GP
Chemical tConc. | Highest ra Human Ref. Trad. Ref. Skin e Skin
Veh.1 BrdU LLNA Resul Ref. GP . .
Name Tested SI Result* LLNAS Humané | Irritant? Irritatio
Ref.2 Result3 t
(%) n
- Vanden- Baskett
Takeyoshi ICCVAM b:rn ::d Noat asaned 3
Nickel chloride DMSO 5 2.39910 | unpublish- + + ICCVAM 1999 5 . <0.15%
ed 2009 (2.4, 1999 Epstein GP) Scholes
5%) 1963 1992
No at Baske(;ter
Kojima et ' ICCVAM ICCVAM < 0.15% Sc?lr:)les
Nickel sulfat DMSO 10 2.58 R tal 2002 GP); Y
ickelsulate al.20083 | (31, * ¥ yaneta 1999 1999 | (GPhYes | gqy,
o at10% .
5%) (h ) Kligman
umans 1966
No at Baske(;ter
Kojima et ' ICCVAM ICCVAM < 0.15% Sc?lr:)les
Nickel sulfat DMSO 10 4.53 R tal 2002 GP); Y
kel suftate al.20084 | (3.1, * ¥ yaneta 1999 1999 | (GPhYes | gq,
o at10% .
5%) (h ) Kligman
umans 1966
No at Baske(;ter
Kojima et ' ICCVAM ICCVAM < 0.15% Sc?lr:)les
Nickel sulfat DMSO 10 2.66 R tal 2002 GP); Y
kel suftate al.20087 | (3.1, * ¥ yaneta 1999 1999 | (GPhYes | gqy,
o at10% .
5%) (humans) Kligman
1966
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for Substances Tested Usingthe LLNA: BrdU-ELISA

Highes Referenc
LLNA: Trad. GP
Chemical tConc. | Highest ra Human Ref. Trad. Ref. Skin e Skin
Veh.t BrdU LLNA Resul Ref. GP . o
Name Tested SI Result* LLNAS Human® | Irritant? | Irritatio
Ref.2 Result3 t
(%) n
Takeyoshi
th()zll')- * ICCVAM 1999 ICCVAM Basketter No at Basketter
P _ A0O 1 6.90 - + ¥ . etal. <2.5% etal.
Benzoquinone Takeyoshi | (52.3, (Gerberick et al. 1999 1999 . 2007
etal. 2.5%) 2005) (GP)
2007b
Takeyoshi + Basketter
Phenyl ICCVAM
bes;‘i’ate A00 | 667 337 | unpublish- | (11.1, + + ICCVAM 1999 190 etal NA NA
ed 2009 25%) 2005a
i ICCVAM 1999 No at
Propylene Takeyoshi + . ICCVAM ICCVAM oa Kligman
AO0OY7 10 1.20 - (Gerberick et al. <25%
glycol etal. 2005 | (L6, (HPTA) 5005 1999 1999 N 1966
100%) ) (humans)
i ICCVAM 1999 No at
Propylene AQOY 50 157 Takeyoshi + (Gerberick et al ICCVAM ICCVAM <;§; Kligman
glycol ' etal. 2005 | (L6, (HPTA) 5005 ' 1999 1999 n 0 1966
100%) ) (humans)
Takeyoshi
tal. 2006; ) ICCVAM 1999 No at
Propylene A0O017 50 09113 igle oshi - y (Gerberick et al IccvaM IccvaM <£§; Kligman
glycol ' y (1.6, (HPTA) ' 1999 1999 S 1966
etal. 100%) 2005) (humans)

2007b




LLNA: BrdU-ELISA, Traditional LLNA, Guinea Pig, and Human Results

for Substances Tested Usingthe LLNA: BrdU-ELISA

Highes Referenc
LLNA: Trad. GP
Chemical tConc. | Highest ra Human Ref. Trad. Ref. Skin e Skin
Veh.t BrdU LLNA Resul Ref. GP . o
Name Tested SI Result* LLNAS Human® | Irritant? | Irritatio
Ref.2 Result3 t
(%) n
Takeyoshi - Irritant Gerberick
ICCVAM ICCVAM
Salicylic acid AOO 25 1.26 unpublish- (2.5, - - ICCVAM 1999 1999 1999 at 20% etal.
ed 2009 25%) aq (mice) 2002
[rritant
0,
at jg % | EceToc
#66,
(rabbits); 1995
Takeyoshi + Irritant ’
Sodi 1 1 ICCVAM ICCVAM Antono-
51(1)1 f:;;n aury DMF | 167 264 | unpublish- | (89, , - ICCVAM 1999 1999 1ooo | 2t10%in Or:ﬂ?lrsloet
ed2009 | 20%) pvME | P
. al. 2008;
(mice); .
Irritant Kligman
1966
at 20%
(humans)
ICCVAM
Takeyoshi - No at
ICCVAM 1999; Kli
Sulfanilamide DMF 50 126 | unpublish- | (1, ; ; ICCVAM 1999 _ < 25% \gman
ed 2009 50%) 1999 Kligman (humans) 1966
1966
trans- *
. Takeyoshi Gerberick et al.
Cinnamaldehyd AOO 10 5.90 et al 2005 (13.1, NA NA 2005 NA NA NA NA
€ 25%)




LLNA: BrdU-ELISA, Traditional LLNA, Guinea Pig, and Human Results

for Substances Tested Usingthe LLNA: BrdU-ELISA

Highes Referenc
LLNA: Trad. GP
Chemical tConc. | Highest ra Human Ref. Trad. Ref. Skin e Skin
Veh.t BrdU LLNA Resul Ref. GP . o
Name Tested SI Result* LLNAS Human® | Irritant? | Irritatio
Ref.2 Result3 t
(%) n
trans- Kojima et ' Gerberick et al
Ci ldehyd AOO 10 411 NA NA ' NA NA NA NA
innamaideny al 20085 | (131, 2005
€ 25%)
trans- Kojima et ' Gerberick et al
Cinnamaldehyd AOO 10 3.50 al. 2008 4 (131, NA NA 2005 NA NA NA NA
€ 25%)
trans- Kojima et ' Gerberick et al
Ci ldehyd AOO 10 3.37 NA NA ' NA NA NA NA
inamaiceny al. 20082 | (131, 2005
€ 25%)
Baskett
— Takeyoshi * ICCVAM 1999 No at askerter
Trimellitic i . ICCVAM and
: AOO 10 7.85 unpublish- + NA (Gerberick et al. NA <10%
anhydride 42009 (4.6, 2005 1999 (GP Scholes
€ 25%) ) ) 1992
+
Takeyoshi Irritant
ICCVAM Kli
Xylene A0O 100 | 409 | unpublish- | (5 NA - ICCVAM 1999 NA oo | 2t100% 11‘22‘2“
ed 2009 100%) (humans)

Abbreviations: ACE = acetone; aq = aqueous; AOO = acetone: olive oil (4:1); DMF = N, N-dimethyl formamide; DMSO = dimethyl sulfoxide; LLNA: BrdU-
ELISA = murine local lymph node assay with enzyme-linked immunosorbent assay detection of bromodeoxyuridine; Conc.= concentration; GP = guinea pig;

LLNA = murine local lymph node assay; NA = not available; nonstd = nonstandard; PC = positive control; Ref. = reference; SI = stimulation index; Trad. =

traditional; Veh. = Vehicle.




+ = sensitizer; - = nonsensitizer

1

Applies to both traditional LLNA and LLNA: BrdU-ELISA unless otherwise noted.

Number after Kojima et al. 2008 represents the laboratory that submitted the test.

Numbers in parentheses indicate the maximum SI and the highest concentration tested.

Information in parentheses provides the evidence for the human result, usually as incidence of a positive human response at the challenge concentration.
Reference in parentheses applies to the maximum SI and the highest concentration tested, if it is different from the reference for the traditional LLNA result.
Reference in parentheses applies to the evidence for the human result if different from the sensitizer/nonsensitizer outcome.

Maximum SI occurred at 12.5%.

Vehicle for the traditional LLNA was DMF.

An outlier in the vehicle control group was excluded for the calculation of the SI values for this test. See Annex |V for the results of the test with and without
the outlier.

' This test was not used in the accuracy analysis because the test results were submitted after all independent peer reviews had been completed.

" Mouse strain, CBA/J, is different from that specified in the protocol, CBA/JN.

12 Maximum SI occurred at 0.3%.

3 Maximum SI occurred at 10%.

4 Maximum SI occurred at 50%.

5Vehicle for the traditional LLNA was acetone.

"Maximum SI occurred at 25%.

"Vehicle for the traditional LLNA was distilled water.
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Annex |11-2

Comparison of Multiple LLNA: BrdU-ELISA Decision Criteria and
Traditional LL NA Results (Alphanumeric Order)
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Comparison of Multiple LLNA: BrdU-ELISA Decision Criteriaand

Traditional LLNA Results

Highest Ref. LLNA: Trad.
Chemical CASRN Conc. Highest | 295 | 23 | 22 Stats SI> | SI> | SI> | SIz | SI2 | SI> | SI> | SIz | SIz | SIz | SI2 B'r o ) LLNA
Name Tested SI % CI SD SD "1 50|45 |40 |35(30|25|20(|19 |16 | 15| 13 ELISA! Result
(%) 2
14- Ta;e}zlt(;;}; et
Phenylene- 106-50-3 2 11.70 + + + + + + + + + + + + + + + ) X +
diami Takeyoshi et
tamine al. 2007b
14- Takle}zlgi)};i et
al. 5
Phenylene- 106-50-3 10 14.70 + + + + + + + + + + + + + + + . +
diami Takeyoshi et
famine al. 2007b
2-Hydroxy- .
Takeyoshi et
propylmetha- 923-26-2 50 1.13 - - - - - - - - - - - - - - - al. 2007b -
crylate
2- Takeyoshi et
Mercaptoben- | 149-30-4 50 1.62 + + | o+ - y - y - y N S R R yoshie +
. al. 2007b
zothiazole
24- Kojima et al
Dinitrochloro- 97-00-7 1 4.30 + + + + - - + + + + + + + + + ) ’ +
20081
benzene
24- Koji t al
Dinitrochloro- 97-00-7 1 8.37 + + + + + + + + + + + + + + + ojima et al. +
2008 2
benzene
24- Kojima et al
Dinitrochloro- 97-00-7 1 6.26 + + + + + + + + + + + + + + + ) ’ +
2008 3
benzene




Comparison of Multiple LLNA: BrdU-ELISA Decision Criteriaand

Traditional LLNA Results

Highest Ref. LLNA: Trad.
Chemical CASRN Conc. Highest 295 23 | 22 Stats SI> | SI>z | SI= | SI= | SI=2 | SI= | SI= | SI= | SI= | SI= | SI2 B.r du- ) LLNA
Name Tested SI % CI SD | SD "1 50|45 |40 |35(30|25|20(|19 |16 | 15| 13 ELISAL Result
(%) z
2,4- Koji t al
Dinitrochloro- 97-00-7 1 5.50 + + + + + + + + + + + + + + + ojima et al. +
2008 4
benzene
24- Kojima et al
Dinitrochloro- 97-00-7 1 18.80 + + + + + + + + + + + + + + + ) ’ +
2008 5
benzene
24- Koji t al
Dinitrochloro- 97-00-7 1 4.83 + + + + - + + + + + + + + + + ojma et al. +
2008 6
benzene
24- Kojima et al
Dinitrochloro- 97-00-7 1 12.98 + + + + + + + + + + + + + + + ) ’ +
2008 7
benzene
2,4- .
Dinitrochloro- 97-00-7 2 17.90 + + + + + + + + + + + + + + + Takeyoshi et +
al. 2005
benzene
Dinitrochloro- 97-00-7 2 6.84 + + + + + + + + + + + + + + + a X +
b Takeyoshi et
enzene al. 2007b
4- Takeyoshi et
106-47-8 25 2.53 + + + + - - - - - + + + + + +
Chloroaniline al. 2007b *
4- Takeyoshi
Methylamino- 55-55-0 10 3.98 + + + + - - - + + + + + + + + unpublished +
phenol sulfate 2009




Comparison of Multiple LLNA: BrdU-ELISA Decision Criteriaand
Traditional LLNA Results

Highest Ref. LLNA: Trad.
Chemical CASRN Conc. Highest 295 23 | 22 Stats SIz | SIz | SIz | SIz | SI2 | SIz | SIz | SIz | SIz | SI=2 | SI2 B.r du- ) LLNA
Name Tested SI %CI | SD | SD |50 (45|40 |35 |30 |25|20 |19 |16 | 15| 13 ELISAL Result
(%) 2
5-Chloro-2-
Takeyoshi
Tneth_yl-[}-, 55965- 0.5 4.83 + + + + - + + + + + + + + + + unpublished +
isothiazolin- 84-9
. 2009
3-one solution
Takeyoshi
Aniline 62-53-3 100 2.07 + + + + - - - - - - + + + + + unpublished +
2009
G . Takeyoshi
[nnamic 104-54-1 50 2.74 + S - + - - -+ |+ |+ | + | + | + | unpublished +
alcohol
2009
Cinnamic Takeyoshi et
-55- . + + + + - - - + + + + + + + +
aldehyde 104-55-2 50 3.97 al. 2007b *
Takeyoshi et
Citral 5392-40- 50 16.35 + + + + + + + + + + + + + + + al. 2007?; +
5 Takeyoshi et
al. 2005
Cobalt 7646-79- Takeyoshi
. 5 3.68 + + + + - - - + + + + + + + + unpublished +
chloride 9
2009
Cyclamen Takeyoshi et
103-95-7 100 1.97 + + + + - - - - - - - + + + +
aldehyde al. 2007b *
Cvel Takeyoshi
yeamen 103-95-7 100 5.71 + + + + + + + + + + + + + + + unpublished +
aldehyde

2009




Comparison of Multiple LLNA: BrdU-ELISA Decision Criteriaand

Traditional LLNA Results

Highest Ref. LLNA: Trad.
Chemical CASRN Conc. Highest 295 23 | 22 Stats SI> | SIz | SIz | SIz | SI2 | SIz | SIz | SIz | SIz | SIz | SI2 B.r du- ) LLNA
Name Tested SI %CI | SD | SD |50 (45|40 |35 |30 |25|20 |19 |16 | 15| 13 ELISAL Result
(%) 2
. Takeyoshi
Diethyl 141-05-9 25 6.27 + + + + + + + + + + + + + + + unpublished +
maleate
2009
Diethyl
phthalate Takeyoshi et
(Phthallic acid 84-66-2 50 0.88 al. 2007b
diethylester)
Dimethyliso- 1454-93- 50 1.26 _ ) _ _ ) _ ) _ ) _ _ ) _ ) _ Takeyoshi et i
phthalate 4 al. 2007b
Takeyoshi et
Diphenyley- 886-38-4 2 19.10 + + + + + + + + + + + + + + + al 2005_; +
clopropenone Takeyoshi et
al. 2007b
Diphenylcy- 886-38-4 10 11.62 + + + + + + + + + + + + + + + Takeyoshi et +
clopropenone al. 2007b
Takeyoshi et
Diphenyley- 886-38-4 10 9.34 + + + + + + + + + + + + + + + al 2005_; +
clopropenone Takeyoshi et
al. 2007b
Takeyoshi
Ethyl acrylate 140-88-5 100 4.95 + + + + - + + + + + + + + + + unpublished +
2009




Comparison of Multiple LLNA: BrdU-ELISA Decision Criteriaand

Traditional LLNA Results

Highest Ref. LLNA: Trad.
Chemical CASRN Conc. Highest 295 23 | 22 Stats SIz | SIz | SIz | SIz | SI2 | SIz | SIz | SIz | SIz | SI=2 | SI2 B.r du- ) LLNA
Name Tested SI %CI | SD | SD |50 (45|40 |35 |30 |25|20 |19 |16 | 15| 13 ELISAL Result
(%) 2
Ethyl
| Cy(');ene Takeyoshi
&y 97-90-5 100 3.11 + + |+ + ol |+ |+ |+ | + | + | unpublished +
dimethacrylat
2009
e
Takeyoshi et
Eugenol 97-53-0 10 3.18 + + + + - - - - + + + + + + + al. 2004a +
Takeyoshi et
Eugenol 97-53-0 30 3.30 + + + + - - - - + + + + + + + al. 2004a +
Takeyoshi et
Eugenol 97-53-0 30 3.83 + + + + - - - + + + + + + + + al. 20072 +
Tak hi et
Eugenol 97-53-0 50 12.30 + + + + + + + + + + + + + + + akeyosale +
al. 2005
Takeyoshi et
E 1 97-53-0 50 3.10 + + + + - - - - + + + + + + +
ugeno al. 2006 *
Kojima et al.
Eugenol 97-53-0 50 7.09 + + + + + + + + + + + + + + + +
20087
Kojima et al.
E 1 97-53-0 50 3.17 + + + + - - - - + + + + + + +
ugeno 2008 2 +
Kojima et al.
Eugenol 97-53-0 50 3.18 + + + + - - - - + + + + + + + 2008 6 +
Eugenol 97-53-0 50 17.70 + + + + + + + + + + + + + + + Takeyoshi et +

al. 2007b




Comparison of Multiple LLNA: BrdU-ELISA Decision Criteriaand

Traditional LLNA Results

Highest Ref. LLNA: Trad.
Chemical CASRN Conc. Highest 295 23 | 22 Stats SI> | SIz | SIz | SIz | SI2 | SIz | SIz | SIz | SIz | SIz | SI2 B.r du- ) LLNA
Name Tested SI %CI | SD | SD |50 (45|40 |35 |30 |25|20 |19 |16 | 15| 13 ELISAL Result
(%) 2
Formaldehyd 50-00-0 10 16.59 + + + + + + + + + + + + + + + Kojima etal. +
e 2008 5
Formaldehyd 50-00-0 10 4.40 + + + + - - + + + + + + + + + Kojima etal. +
e 20081
Formaldehyd Kojima et al.
R 50-00-0 10 1.97 + + + + - - - - - - - + + + + 2008 6 +
Glutaralde- Kojima et al.
-30- . + + + + + + + + + + + + + + +
hyde 111-30-8 1 28.64 2008 & +
Glutaralde- Kojima et al.
-30- . + + + + - - - + + + + + + + +
hyde 111-30-8 1 3.72 2008 1 +
Glutaralde- Kojima et al.
111-30-8 1 2.25 + + + + - - - - - - + + + + +
hyde 2008 6 *
Takeyoshi et
Glutaralde- 111-30-8 2 14.60 + + + + + + + + + + + + + + + al 2005_; +
hyde Takeyoshi et
al. 2007b
Takeyoshi et
Glutaralde- 1.2005;
uraraide 111-30-8 10 15.50 + + + + + + + + + + + + + + + a . +
hyde Takeyoshi et
al. 2007b
Takeyoshi et
-81- . + - + + - - - - - - - - - - - -
Glycerol 56-81-5 50 1.29 al. 2007b




Comparison of Multiple LLNA: BrdU-ELISA Decision Criteriaand

Traditional LLNA Results

Highest Ref. LLNA: Trad.
Chemical CASRN Conc. Highest 295 23 | 22 Stats SIz | SIz | SIz | SI= | SI=2 | SIz | SIz | SIz | SIz | SIz | SI2 B.r du- ) LLNA
Name Tested SI % CI SD SD "1 50|45 |40 |35(30|25|20(|19 |16 | 15| 13 ELISA! Result
(cyo) 2
Takeyoshi
Hexane 110-54-3 100 1.76 + - - + - - - - - - - - + + + unpublished -
2009
Hexane 110-54-3 50 1.89 + + | o+ + oo oo o o -+ |+ | 4 | Takeyoshiet ;
al. 2005
Hexyl .
cinnamic 101-86-0 50 3.64 + + + + - - - + + + + + + + + Takeyoshi et +
al. 2003
aldehyde
Hexyl .
cinnamic 101-86-0 25 2.44 + + |+ + oo s - o -+ | |+ | + | 4 | Takevoshiet +
al. 2003
aldehyde
Hexyl .
cinnamic 101-86-0 50 5.90 + + + + + + + + + + + + + + + Takeyoshi et +
al. 2005
aldehyde
Hexyl .
cinnamic 101-86-0 50 3.64 + + |+ + oo s e e | |+ | | + | + | 4 | Takeyoshiet +
al. 2006
aldehyde
Hexyl .
cinnamic 101-86-0 50 2.72 + + |+ + Lol o s e e | | w |« | 4 | Takeyoshiet) o,
al. 2006
aldehyde
Hexyl .
cinnamic 101-86-0 50 3.02 + + |+ + oo s e |+ | | + | + | 4 | Takevoshiet +
al. 2007b
aldehyde




Comparison of Multiple LLNA: BrdU-ELISA Decision Criteriaand
Traditional LLNA Results

Highest Ref. LLNA: Trad.
Chemical CASRN Conc. Highest 295 23 | 22 Stats SIz | SIz | SIz | SI= | SI=2 | SIz | SIz | SIz | SIz | SIz | SI2 B.r du- ! LLNA
Name Tested SI % CI SD SD "1 50|45 |40 |35(30|25|20(|19 |16 | 15| 13 ELISA! Result
(%) z
Hexyl "
cinnamic 101-86-0 50 3.40 + + | o+ + e s s e e | || e | 4 | Rolimactal +
20081
aldehyde
Hexyl "
cinnamic 101-86-0 50 2.87 + o+ |+ + T e +
2008 3
aldehyde
Hexyl "
cinnamic 101-86-0 50 3.34 + + | o+ + o s s e e+ ]+ |+ | 4 | Kojimaetal +
2008 4
aldehyde
Hexyl "
cinnamic 101-86-0 50 13.50 + + + + + + + + + + + + + + + Kojima etal. +
2008 5
aldehyde
Hexyl "
cinnamic 101-86-0 50 3.27 + + | o+ + o s s e e+ |+ |+ | 4 | Kojimaetal +
2008 6
aldehyde
Hexyl "
cinnamic 101-86-0 50 3.84 + + |+ + e s e e e+ |+ |+ | 4 | Kojimaetal +
20087
aldehyde
Hydroxycit- Takeyoshi et
107-73-5 100 1.34 - - - - - - - - - - -
ronellal * * * * al. 2007b *
. Takeyoshi
Hydroxycit- 107-73-5 100 478 + + | o+ + -+l + ]+ |+ ]+ |+ |+ ] + |+ | + | unpublished +
ronellal 2009




Comparison of Multiple LLNA: BrdU-ELISA Decision Criteriaand

Traditional LLNA Results

Highest Ref. LLNA: Trad.
Chemical CASRN Conc. Highest 295 23 | 22 Stats SI> | SIz | SIz | SIz | SI2 | SIz | SIz | SIz | SIz | SIz | SI2 B.r du- ) LLNA
Name Tested SI %CI | SD | SD |50 (45|40 |35 |30 |25|20 |19 |16 | 15| 13 ELISAL Result
(%) 2
. L Takeyoshi
Imidazolidinyl 39239646' 50 1.61 + S - + - -l - - -] - - | -]+ | + | + | unpublished +
urea 2009
Isoeugenol 97-54-1 10 8.40 + + + + + + + + + + + + + + + Takeyoshi et +
al. 2005
Takeyoshi et
1.2006;
Isoeugenol 97-54-1 10 2.40 + + | o+ + A i e T a : +
Takeyoshi et
al. 2007b
Isoeugenol 97-54-1 30 6.73 + + + + + + + + + + + + + + + Takeyoshi et +
al. 2007a
Kojima et al.
1 1 67-63-0 50 2.22 - - - - - - - -
sopropano + + + + + + + + 2008 1
Kojima et al.
1 1 67-63-0 50 0.98 - - - - - - - - - - - - - - - -
sopropano 2008 3
Kojima et al.
-63- . - - - - - - - - - - - - - + + -
Isopropanol 67-63-0 50 1.57 2008 4
Kojima et al.
1 1 67-63-0 50 0.94 - - - - - - - - - - - - - - - -
sopropano 2008 5
Kojima et al.
Isopropanol 67-63-0 50 2.04 + - + - - - - - - - + + + + + 2008 6 -
Kojima et al.
Isopropanol 67-63-0 50 1.01 - - - - - - - - - - - - - - - 2008 7 -




Comparison of Multiple LLNA: BrdU-ELISA Decision Criteriaand

Traditional LLNA Results

Highest Ref. LLNA: Trad.
Chemical CASRN Conc. Highest 295 23 | 22 Stats SI> | SIz | SIz | SIz | SI2 | SIz | SIz | SIz | SIz | SIz | SI2 B.r du- ) LLNA
Name Tested SI %CI | SD | SD |50 (45|40 |35 |30 |25|20 |19 |16 | 15| 13 ELISAL Result
(%) 2
Takeyoshi et
Isopropanol 67-63-0 100 0.92 - - - - - - - - - - - - - - - al. 2007b -
Takeyoshi et
ISOP_mpyl 110-27-0 50 4.20 + + + + - - + + + + + + + + + al 2005_; +
myristate Takeyoshi et
al. 2007b
. . Kojima et al.
Lactic acid 598-82-3 50 2.53 + + + + - - - - - + + + + + + 2008 7 -
. . Kojima et al.
Lactic acid 598-82-3 50 1.89 + - + + - - - - - - - - + + + 2008 4 -
. . Kojima et al.
Lactic acid 598-82-3 50 1.80 + - + - - - - - - - - - + + + 2008 3 -
Takeyoshi
Linalool 78-70-6 100 1.45 + - - - - - - - - - - - - - + unpublished +
2009
Takeyoshi
Linalool 78-70-6 100 4.65 + + + + - + + + + + + + + + + unpublished +
2009
m- Takeyoshi et
591-27-5 25 3.06 + + + + - - - - + + + + + + +
Aminophenol al. 2007b *
Methyl Kojima et al.
-36- . + - + - - - - - - - - - - - + -
salicylate 119-36-8 50 143 20081
Methyl Kojima et al.
119-36-8 50 1.44 - - - - - - - - - - - - - - + -
salicylate 2008 2




Comparison of Multiple LLNA: BrdU-ELISA Decision Criteriaand
Traditional LLNA Results

Highest Ref. LLNA: Trad.
Chemical CASRN Conc. Highest 295 23 | 22 Stats SI> | SIz | SIz | SIz | SI2 | SIz | SIz | SIz | SIz | SIz | SI2 B.r du- ) LLNA
Name Tested SI %CI | SD | SD |50 (45|40 |35 |30 |25|20 |19 |16 | 15| 13 ELISAL Result
(%) 2
Methyl Kojima et al.
119-36-8 50 1.40 + - - - - - - - - - - - - - + -
salicylate 2008 3
. 7786-81- Kojima et al.
Nickel sulfate 4 10 2.58 + + + + - - - - - + + + + + + 2008 3 +
7786-81- Koji t al.
Nickel sulfate 4 10 4.53 + + + + - + + + + + + + + + + 0]21 8538(34 a +
. 7786-81- Kojima et al.
. + + + + - - - - - + + + + + +
Nickel sulfate 4 10 2.66 2008 7 +
Takeyoshi et
P . 106-51-4 1 6.90 + + + + + + + + + + + + + + + al. 2004?; +
Benzoquinone Takeyoshi et
al. 2007b
Takeyoshi
Phenyl 93-99-2 66.7 337 + + | o+ + -l -l - - |+ + |+ |+ | + |+ | + | unpublished +
benzoate
2009
Propylene Takeyoshi et
-55- . + - + - - - - - - - - - - + + -
glycol 57-55-6 50 157 al. 2005
Propylene 57.55.6 10 1.20 _ ) _ _ ) _ ) _ ) _ _ ) _ ) _ Takeyoshi et i
glycol al. 2005
Takeyoshi et
Propylene al. 2006;
glycol 57-55-6 50 091 ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) Takeyoshi et i

al. 2007b




Comparison of Multiple LLNA: BrdU-ELISA Decision Criteriaand

Traditional LLNA Results

Highest Ref. LLNA: Trad.
Chemical CASRN Conc. Highest 295 23 | 22 Stats SI> | SIz | SIz | SIz | SI2 | SIz | SIz | SIz | SIz | SIz | SI2 B.r du- ) LLNA
Name Tested SI %CI | SD | SD |50 (45|40 |35 |30 |25|20 |19 |16 | 15| 13 ELISAL Result
(%) 2
Takeyoshi
Salicylic acid 69-72-7 25 1.26 - - - - - - - - - - - - - - - unpublished -
2009
Takeyoshi
Sodium 1 1
oqumiauyY: | 151213 | 167 2.64 + + |+ + Sl o o -+ |+ |+ |+ | + | + | unpublished +
sulfate
2009
Takeyoshi
Sulfanilamide 63-74-1 50 1.26 - - - - - - - - - - - - - - - unpublished -
2009
trans- .
Cinnamalde- 14371- 10 5.90 + + + + + + + + + + + + + + + Takeyoshi et +
10-9 al. 2005
hyde
trans-
. 14371- Kojima et al.
C lde- . - -
innamalde 10-9 10 411 + + + + + + + + + + + + + 2008 5 +
hyde
trans-
14371- Kojima et al.
Ci Ide- 10 3.50 - - -
innamalde 10-9 + + + + + + + + + + + + 2008 4 +
hyde
trans-
. 14371- Kojima et al.
C lde- . - - - -
innamalde 10-9 10 3.37 + + + + + + + + + + + 2008 2 +
hyde
Trimelliti Takeyoshi
rime 1 ¢ 552-30-7 10 7.85 + + + + + + + + + + + + + + + unpublished +
anhydride 2009




Abbreviations: BrdU-ELISA LLNA = murine local lymph node assay with enzyme-linked immunosorbent assay detection of bromodeoxyuridine; CASRN =
Chemical Abstract Services Registry Number; CI= confidence interval (mean absorbance of any treatment group is greater than 95% confidence interval of
vehicle control group mean); Conc. = concentration; LLNA = murine local lymph node assay; Ref. = reference; SD = standard deviation (mean absorbance of
any treatment group is greater than 2 or 3 SD for vehicle control group); SI = stimulation index; Stats. = statistics (analysis of variance for multiple dose groups
or t-test to compare one treatment group to the vehicle control group); Trad. = traditional.

+ = sensitizer; - = nonsensitizer.
"Number after Kojima et al. 2008 represents the laboratory that submitted the test.

*References for the traditional LLNA results are provided in Annex I11-1.
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Annex V-1

Individual Animal Data for the LLNA: BrdU-ELISA - Takeyoshi et al.
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Individual Animal Data for the LLNA: BrdU-ELISA - Takeyoshi et al.

Conc. An.
Substance Ref. Veh. (%) No. | ABS! Si EC15 | EC16 | EC19 | EC2
VvC 2003 AOO 0 1 0.07 0.97 NA NA NA NA
2 0.07 1.04
3 0.06 0.91
4 0.07 1.08
Mean | 0.07 1.00
HCA 2003 AOO 3.125 | 5 0.08 1.12 5.52 6.25 1290 | 15.18
6 0.07 0.99
7 0.10 1.54
8 0.07 1.02
Mean | 0.08 1.17
6.25 9 0.06 0.81
10 0.17 2.54
11 0.12 1.73
12 0.09 1.33
Mean | 0.11 1.60
125 13 0.14 2.08
14 0.12 1.77
15 0.15 2.21
16 0.10 1.48
Mean | 0.13 1.88
25 17 0.10 1.45
18 0.14 213
19 0.26 3.83
20 0.16 2.33
Mean | 0.17 244
VvC 2003 AOO 0 1 0.09 0.72 NA NA NA NA
2 0.14 117
3 0.13 111
4 0.12 1.01
Mean | 0.12 1.00
HCA 2003 AOO 125 5 0.19 1.55 11.58 12.65 | 17.20 | 18.75
6 0.25 2.04
7 0.24 2.00
8 0.09 0.75
Mean | 0.19 1.59
25 9 0.21 1.74
10 0.35 2.88
11 0.32 2.69
12 0.28 2.33
Mean | 0.29 241




Individual Animal Data for the LLNA: BrdU-ELISA - Takeyoshi et al.

Conc. An.

Substance Ref. Veh. (%) No. | ABS! Sl EC15 | EC16 | EC19 | EC2
HCA 2003 AOO 50 13 0.33 2.75
(continued) 14 039 | 3.24

15 0.48 4,01
16 0.55 4,58
Mean | 0.44 3.64
VvC 2004 AOO 0 1 0.07 0.68 NA NA NA NA
2 0.08 0.77
3 0.17 157
4 0.10 0.98
Mean | 0.11 1.00
Eugenol 2004a | AOO 1 5 0.27 2.50 5.94 6.95 10.10 | 11.19
6 0.12 1.09
7 0.18 1.73
8 0.18 171
Mean | 0.19 1.76
6 9 0.21 194
10 0.21 1.93
11 0.06 0.60
12 0.17 1.56
Mean | 0.16 151
15 13 0.27 2,51
14 0.17 1.58
15 0.27 2.53
16 0.30 2.82
Mean | 0.25 2.36
30 17 0.47 4.44
18 0.29 2.69
19 0.39 3.67
20 0.27 2.52
Mean | 0.36 3.33
DHEA 2004a | AOO 1 21 0.19 1.77 0.70* 0.85* | 14.10 | 18.43
26 0.19 1.82
27 0.19 1.80
28 0.15 143
Mean | 0.18 171
6 29 0.29 2.68
30 0.10 0.93
31 0.14 1.35
32 0.20 191
Mean | 0.18 171




Individual Animal Data for the LLNA

: BrdU-ELISA - Takeyoshi et al.

Conc. An.

Substance Ref. Veh. (%) No. ABS? Sl EC15 | EC16 | EC19 | EC2
DHEA 2004a | AOO 30 33 0.12 1.14
(continued) 34 0.32 | 2.98

35 0.31 2.90

36 0.22 2.06
Mean | 0.24 2.27

DHEB 2004a | AOO 1 37 0.19 1.75 0.60 13.95 | 0.78 0.83

38 0.14 1.30

39 0.26 2.47

40 0.39 3.65
Mean | 0.24 2.29

6 41 0.42 3.95
42 0.56 5.28

43 0.50 4,73

44 0.66 6.23
Mean | 0.54 5.05

20 45 0.75 7.03
46 0.73 6.88

47 0.74 6.95

48 0.87 8.18
Mean | 0.77 7.26

p-Benzoquinone 2004b, | AOO 0 1 0.09 0.95 0.15 0.15 0.17 0.17

2007b 2 0.08 0.79
3 0.09 0.95

4 0.13 1.31
Mean | 0.10 1.00

0.25 5 0.31 3.14
6 0.40 4.08

7 0.21 211

8 0.40 4.08
Mean | 0.33 3.35

0.5 9 0.38 3.90
10 0.68 6.93

11 0.89 9.09

12 0.32 3.21
Mean | 0.57 5.78

1 13 0.74 7.58
14 0.72 7.28

15 0.60 6.09

16 0.67 6.84
Mean | 0.68 6.94




Individual Animal Data for the LLNA: BrdU-ELISA - Takeyoshi et al.

Conc. An.
Substance Ref. Veh. (%) No. | ABS! Sl EC15 | EC16 | EC19 | EC2
VvC 2005 AOO 0 1 0.08 1.20 NA NA NA NA
2 0.10 1.45
3 0.04 0.61
4 0.05 0.73
Mean | 0.07 1.00
Isoeugenol 2005 AOO 10 5 0.97 13.93 | NC NC NC NC
6 0.37 5.32
7 0.41 5.88
8 0.58 8.33
Mean | 0.58 8.36
p-Phenylenediamine 2005, AOO 10 6 1.12 16.10 | NC NC NC NC
2007b 7 1.03 14.90
8 1.02 14.70
9 0.92 13.20
Mean | 1.02 14.70
trans-Cinnamaldehyde 2005 AOO 10 13 0.55 7.93 NC NC NC NC
14 0.20 2.87
15 0.41 5.86
16 0.47 6.78
Mean | 0.41 5.86
Glutaraldehyde 2005, AOO 0 1 0.08 1.20 NC NC NC NC
2007b 2 0.10 1.45
3 0.04 0.61
4 0.05 0.73
Mean | 0.07 1.00
10 6 1.12 16.10
7 1.15 16.30
8 1.03 14.80
9 1.03 14.80
Mean | 1.08 15.50
Citral 2005, AOO 0 1 0.08 1.20 NC NC NC NC
2007b 2 0.10 1.45
3 0.04 0.61
4 0.05 0.73
Mean | 0.07 1.00
10 6 0.24 3.45
7 0.12 1.76
8 0.09 1.29
9 0.06 0.85
Mean | 0.13 1.84




Individual Animal Data for the LLNA

: BrdU-ELISA - Takeyoshi et al.

Conc. An.
Substance Ref. Veh. (%) No. | ABS' SI EC15 | EC16 | EC19 | EC2
Citral 2005, | AOCO 0 1 0.07 1.12 NC NC NC NC
2007b 2 0.06 | 0.87
3 0.08 1.26
4 0.05 | 0.76
Mean | 0.07 1.00
50 6 1.08 16.40
7 0.99 15.00
8 1.32 20.10
9 0.91 13.90
Mean | 1.08 16.40
VvC 2005 AOO 0 1 0.10 1.34 | NA NA NA NA
2 0.11 1.40
3 0.04 | 057
4 0.05 | 0.69
Mean | 0.08 1.00
Isoeugenol 2005 AOO 10 5 0.94 12.23 | NC NC NC NC
6 032 | 411
7 0.38 | 4.93
8 0.58 | 7.52
Mean | 0.55 7.20
Eugenol 2005 AOO 10 25 0.36 | 4.65 NC NC NC NC
26 0.15 1.89
27 0.14 1.84
28 0.33 | 433
Mean | 0.24 3.18
Isopropyl myristate 2005, | AOO 10 6 0.05 | 0.70 NC NC NC NC
2007b 7 0.07 0.95
8 0.13 1.71
9 0.07 0.94
Mean | 0.08 1.08
Isopropyl myristate 2005, | AOCO 0 1 0.07 0.95 NC NC NC NC
2007b 2 0.06 | 0.91
3 0.08 111
4 0.07 1.03
Mean | 0.07 1.00
50 6 0.22 3.15
7 0.41 6.03
8 0.24 | 355
9 0.28 | 4.02
Mean | 0.29 4.19




Individual Animal Data for the LLNA

: BrdU-ELISA - Takeyoshi et al.

Conc. | An.
Substance Ref. Veh. (%) No. | ABS! Sl EC15 | EC16 | EC1.9 | EC2
Propylene glycol 2005 AOO 10 33 0.07 | 0.85 NC NC NC NC
34 015 | 191
35 0.07 | 0.85
36 0.09 | 1.20
Mean | 0.09 1.20
Hexane 2005 AOO 10 37 0.04 | 054 | NC NC NC NC
38 0.09 | 1.12
39 0.05 | 0.61
40 0.05 | 0.67
Mean | 0.06 0.73
Diphenylcyclopropenone | 2005, | AOO 10 41 052 |6.84 | NC NC NC NC
2007b 42 054 | 7.03
43 0.69 |9.04
44 111 | 1444
Mean | 0.72 9.34
VC 2005 AOO 0 1 0.09 | 0.94 | NA NA NA NA
2 0.08 | 0.88
3 0.11 | 1.15
4 0.10 | 1.04
Mean | 0.10 1.00
DNCB 2005 AOO 2 5 1.73 | 18.15 | NC NC NC NC
6 1.67 | 17.56
7 1.74 | 18.28
8 1.66 | 17.45
Mean | 1.70 17.86
p-Phenylenediamine 2005, AOO 2 6 0.96 10.10 | NC NC NC NC
2007b 7 1.26 | 13.20
8 1.03 | 10.90
9 1.20 | 12.60
Mean | 1.12 | 11.70
Glutaraldehyde 2005, | AOO 2 6 145 | 1520 | NC NC NC NC
2007b 7 1.33 | 14.00
8 1.34 | 14.10
9 141 | 14.80
Mean | 1.38 14.60
Diphenylcyclopropenone | 2005, | AOCO 2 6 1.85 19.50 | NC NC NC NC
2007b 7 1.78 | 18.70
8 1.67 | 17.60
9 1.95 | 20.60
Mean | 1.81 | 19.10




Individual Animal Data for the LLNA

: BrdU-ELISA - Takeyoshi et al.

Conc. An.
Substance Ref. Veh. (%) No. | ABS! Sl EC15 | EC16 | EC19 | EC2
VvC 2005 AOO 0 1 0.07 112 NA NA NA NA
2 0.06 0.87
3 0.08 1.26
4 0.05 0.76
Mean | 0.07 1.00
HCA 2005 AOO 50 5 0.34 5.19 NC NC NC NC
6 0.37 5.57
7 0.45 6.91
8 0.39 5.95
Mean | 0.39 5.90
Propylene glycol 2005 AOO 50 9 0.10 1.53 NC NC NC NC
10 0.16 242
11 0.07 1.07
12 0.08 1.25
Mean | 0.10 1.57
Hexane 2005 AOO 50 13 0.12 1.86 NC NC NC NC
14 0.10 151
15 0.15 2.32
16 0.12 1.88
Mean | 0.12 1.89
Eugenol 2005 AOO 50 33 0.71 10.31 | NC NC NC NC
34 0.73 10.67
35 1.07 15.63
36 0.86 12.50
Mean | 0.84 12.28
VC 2006 AOO 0 1 0.54 1.16 NA NA NA NA
2 0.43 0.92
3 0.37 0.79
4 0.53 1.13
Mean | 0.47 1.00
HCA 2006 AOO 2 5 0.49 1.04 15.87 18.67 | 27.10 | 29.86
6 0.40 0.86
7 0.44 0.95
8 0.37 0.79
Mean | 0.43 0.91
10 9 0.75 1.60
10 0.64 1.37
11 0.50 1.06
12 0.53 1.14
Mean | 0.60 1.29




Individual Animal Data for the LLNA: BrdU-ELISA - Takeyoshi et al.

Conc. An.

Substance Ref. Veh. (%) No. ABS? Sl EC15 | EC16 | EC19 | EC2
HCA 2006 AOO 50 13 1.52 3.25
(continued) 14 118 | 2.53

15 1.36 291

16 1.02 2.19
Mean | 1.27 2.72

Eugenol 2006 AOO 2 17 0.27 0.57 11.01 13.52 21.10 | 23.58

18 0.25 0.52

19 0.30 0.65

20 0.24 0.52
Mean | 0.26 0.56

10 21 0.80 1.72
22 0.68 1.45

23 0.50 1.06

24 0.76 1.63
Mean | 0.68 1.46

50 25 1.34 2.87
26 1.48 3.17

27 1.37 2.93

28 1.52 3.26
Mean | 1.43 3.05

Isoeugenol 2006, AOO 0 1 0.54 1.16 6.26 6.70 8.00 8.43

2007b 2 0.43 0.92
3 0.37 0.79

4 0.53 1.13
Mean | 0.47 1.00

0.4 6 0.12 0.25
7 0.18 0.39

8 0.19 0.41

9 0.22 0.46
Mean | 0.18 0.38

2 11 0.38 0.81
12 0.21 0.44

13 0.18 0.38

14 0.22 0.46
Mean | 0.24 0.52

10 16 131 2.80
17 1.22 2.62

18 0.83 177

19 1.05 2.25
Mean | 1.10 2.36




Individual Animal Data for the LLNA: BrdU-ELISA - Takeyoshi et al.

Conc. An.

Substance Ref. Veh. (%) No. | ABS! Sl EC15 | EC16 | EC19 | EC2
HCA 2006 AOO 0 1 0.39 1.66 18.06 1955 | 24.00 | 25.52

2 0.27 1.15

3 0.17 0.71

4 0.11 0.48

Mean | 0.24 1.00

2 5 0.28 1.18

6 0.13 0.56

7 0.16 0.69

8 0.18 0.74

Mean | 0.19 0.79

10 9 0.19 0.81

10 0.21 0.87

11 0.25 1.07

12 0.26 1.08

Mean | 0.23 0.96

50 13 1.02 4.32

14 0.64 2.71

15 0.90 3.81

16 0.88 3.72

Mean | 0.86 3.64
Propylene glycol 2006, | AOCO 0 1 0.39 154 | NC NC NC NC

2007b 2 0.27 121

3 0.17 0.74

4 0.11 0.51

Mean | 0.24 1.00

2 6 0.32 142

7 0.22 0.96

8 0.15 0.67

9 0.13 0.57

Mean | 0.20 0.91

10 11 0.14 0.60

12 0.11 0.46

13 0.15 0.65

14 0.42 1.75

Mean | 0.21 0.87

50 16 0.14 0.63

17 0.17 0.74

18 0.15 0.66

19 0.18 0.78

Mean | 0.16 0.70




Individual Animal Data for the LLNA: BrdU-ELISA - Takeyoshi et al.

Conc. An.

Substance Ref. Veh. (%) No. | ABS! Sl EC15 | EC16 | EC19 | EC2
2-Hydroxypropyl 2007b | ACO 0 1 0.11 1.08 NC NC NC NC
methacrylate 2 0.09 | 0.87

3 0.10 0.90
4 0.12 1.15
Mean | 0.11 1.00
50 6 0.10 0.96
7 0.14 1.35
8 0.14 1.32
9 0.09 0.88
Mean | 0.12 1.13
Aniline 2007b | AOO 0 1 0.08 0.86 50.00 NC NC NC
2 0.09 0.90
3 0.09 0.92
4 0.13 1.33
Mean | 0.10 1.00
125 6 0.10 1.05
7 0.12 1.26
8 0.15 1.57
9 0.15 1.63
Mean | 0.13 1.38
25 11 0.11 1.14
12 0.13 1.35
13 0.14 1.48
14 0.15 1.58
Mean | 0.13 1.39
50 16 0.16 1.67
17 0.11 1.17
18 0.10 1.04
19 0.20 211
Mean | 0.14 1.50
p-Chloroaniline 2007b | AOO 0 1 0.08 0.86 10.79 11.03 | 15.00 | 16.20
2 0.09 0.90
3 0.09 0.92
4 0.13 1.33
Mean | 0.10 1.00
125 6 0.15 1.60
7 0.14 1.47
8 0.15 1.59
9 0.20 2.07
Mean | 0.16 1.68




Individual Animal Data for the LLNA

: BrdU-ELISA - Takeyoshi et al.

Conc. An.

Substance Ref. Veh. (%) No. | ABS! Sl EC15 | EC16 | EC19 | EC2
p-Chloroaniline 2007b | ACO 25 11 0.21 2.23
(continued) 12 0.18 | 1.91

13 0.29 3.05
14 0.28 2.92
Mean | 0.24 2.53
Cinnamic aldehyde 2007b | AOO 0 1 0.12 | 0.78 | 6.81 481 8.56 9.07
2 0.18 1.13
3 0.17 1.08
4 0.16 1.01
Mean | 0.16 1.00
12.5 6 0.48 3.09
7 0.30 1.94
8 0.47 3.00
9 0.34 2.20
Mean | 0.40 2.56
25 11 0.61 3.87
12 0.63 3.99
13 0.52 3.30
14 0.62 3.94
Mean | 0.59 3.77
50 16 0.58 3.71
17 0.53 3.38
18 0.72 4.60
19 0.66 | 4.18
Mean | 0.62 3.97
Cyclamen aldehyde 2007b | AOCO 0 1 0.13 0.86 69.48 75.97 | 93.90 | NC
2 0.17 1.20
3 0.13 0.90
4 0.15 1.04
Mean | 0.15 1.00
25 6 0.13 0.91
7 0.13 0.90
8 0.20 1.39
9 0.13 0.86
Mean | 0.15 1.02
50 11 0.16 111
12 0.20 1.35
13 0.15 1.04
14 0.19 1.32
Mean | 0.17 1.20




Individual Animal Data for the LLNA: BrdU-ELISA - Takeyoshi et al.

Conc. An.
Substance Ref. Veh. (%) No. | ABS! Sl EC15 | EC16 | EC19 | EC2
Cyclamen aldehyde 2007b | ACO 100 16 0.24 1.65
(continued) 17 020 | 1.35
18 0.39 | 2.69
19 032 | 220
Mean | 0.29 1.97
Diethyl phthalate 2007b | AOO 0 1 0.11 1.08 | NC NC NC NC
2 0.09 | 0.87
3 0.10 | 0.90
4 0.12 1.15
Mean | 0.11 1.00
50 6 0.09 | 0.87
7 0.07 | 071
8 0.08 | 0.77
9 0.12 1.16
Mean | 0.09 0.88
Dimethylisophthalate 2007b | AOO 0 1 0.11 1.08 NC NC NC NC
2 0.09 | 0.87
3 0.10 | 0.90
4 0.12 1.15
Mean | 0.11 1.00
50 6 0.13 | 1.23
7 0.11 1.02
8 0.15 | 1.45
9 0.14 | 1.36
Mean | 0.13 1.26
Diphenylcyclopropenone | 2007b | AOO 0 1 0.07 0.95 NC NC NC NC
2 0.06 | 0.91
3 0.08 | 1.11
4 0.07 1.03
Mean | 0.07 1.00
10 6 0.93 | 13.50
7 0.82 11.90
8 050 | 7.23
9 0.95 | 13.80
Mean | 0.80 11.61
DNCB 2007b | AOO 0 1 0.44 1.76 | 0.07 0.07 0.10 0.11
2 0.27 1.10
3 0.17 | 0.69
4 0.11 | 045
Mean | 0.25 1.00




Individual Animal Data for the LLNA: BrdU-ELISA - Takeyoshi et al.

Conc. An.

Substance Ref. Veh. (%) No. | ABS! Sl EC15 | EC16 | EC19 | EC2
DNCB 2007b | AOO 0.08 6 0.35 1.40
(continued) 7 0.46 | 1.84

8 0.30 1.23
9 0.56 2.24
Mean | 0.42 1.68
0.4 11 1.21 4.89
12 1.33 5.38
13 1.67 6.73
14 1.44 5.81
Mean | 1.41 5.70
2 16 1.87 7.53
17 1.50 6.05
18 1.63 6.60
19 1.78 7.17
Mean | 1.69 6.84
VvC 2007b | AOO 0 1 0.03 0.52 NA NA NA NA
2 0.07 153
3 0.04 0.74
4 0.06 121
Mean | 0.05 1.00
Eugenol 2007b | AOO 6.25 6 0.15 3.05 1.02 1.06 1.19 1.24
7 0.35 7.48
8 0.25 5.26
9 0.42 8.85
Mean | 0.29 6.16
125 11 0.26 5.52
12 0.28 5.89
13 0.33 6.87
14 0.64 13.48
Mean | 0.38 7.94
25 16 0.76 16.05
17 0.86 18.09
18 0.59 12.35
19 0.67 14.14
Mean | 0.72 15.15
50 21 0.81 17.12
22 0.76 15.99
23 0.82 17.35
24 0.96 20.29
Mean | 0.84 17.69




Individual Animal Data for the LLNA

: BrdU-ELISA - Takeyoshi et al.

Conc. An.

Substance Ref. Veh. (%) No. | ABS! Sl EC15 | EC16 | EC19 | EC2
Glycerol 2007b | NA 0 1 0.05 0.85 NC NC NC NC

2 0.06 0.94

3 0.07 111

4 0.07 1.10

Mean | 0.06 1.00

10 6 0.08 1.38

7 0.07 1.17

8 0.08 1.39

9 0.07 1.23

Mean | 0.08 1.29
HCA 2007b | AOO 0 1 0.12 0.78 13.49 1548 | 21.40 | 2341

2 0.18 1.13

3 0.17 1.08

4 0.16 1.01

Mean | 0.16 1.00

125 6 0.22 1.42

7 0.28 1.80

8 0.28 1.76

9 0.13 0.81

Mean | 0.23 1.45

25 11 0.25 157

12 0.38 244

13 0.36 2.29

14 0.32 2.01

Mean | 0.33 2.08

50 16 0.37 2.34

17 0.43 2.71

18 0.52 3.30

19 0.59 3.73

Mean | 0.47 3.02
Hydroxycitronellal 2007b | ACO 0 1 0.13 | 0.86 NC NC NC NC

2 0.17 1.20

3 0.13 0.90

4 0.15 1.04

Mean | 0.15 1.00

25 6 0.18 1.23

7 0.20 1.39

8 0.16 1.12

9 0.15 1.03

Mean | 0.17 1.19




Individual Animal Data for the LLNA: BrdU-ELISA - Takeyoshi et al.

Conc. An.

Substance Ref. Veh. (%) No. | ABS! Sl EC15 | EC16 | EC19 | EC2
Hydroxycitronellal 2007b | ACO 50 11 0.20 1.36
(continued) 12 0.16 | 1.10

13 0.13 0.92
14 0.16 1.10
Mean | 0.16 1.12
100 16 0.20 1.38
17 0.18 1.25
18 0.23 1.57
19 0.17 117
Mean | 0.20 1.34
Isopropanol 2007b | ACO 0 1 0.13 0.85 NC NC NC NC
2 0.22 1.38
3 0.13 0.80
4 0.15 0.97
Mean | 0.16 1.00
25 6 0.10 0.65
7 0.16 1.03
8 0.09 0.58
9 0.12 0.73
Mean | 0.12 0.75
50 11 0.22 1.37
12 0.11 0.68
13 0.18 1.15
14 0.07 0.45
Mean | 0.15 0.92
100 16 0.12 0.79
17 0.08 0.53
18 0.09 0.59
19 0.08 0.48
Mean | 0.09 0.60
m-Aminophenol 2007b | AOO 0 1 0.08 0.86 2.66 2.99 4.20 4.70
2 0.09 0.90
3 0.09 0.92
4 0.13 1.33
Mean | 0.10 1.00
6.25 6 0.28 3.00
7 0.18 1.86
8 0.21 2.22
9 0.18 1.90
Mean | 0.21 2.25




Individual Animal Data for the LLNA

: BrdU-ELISA - Takeyoshi et al.

Conc. An.

Substance Ref. Veh. (%) No. | ABS! Sl EC15 | EC16 | EC19 | EC2
m-Aminophenol 2007b | ACO 12.5 11 0.15 1.61
(continued) 12 0.47 | 4.97

13 0.21 217
14 0.25 2.67
Mean | 0.27 2.86
25 16 0.27 2.81
17 0.35 3.71
18 0.25 2.67
19 NA NA
Mean | 0.29 3.06
2-Mercaptobenzothiazole | 2007b | DMF 0 1 0.17 111 10.08* | 12.10* | NC NC
2 0.17 1.09
3 0.16 1.01
4 0.12 0.78
Mean | 0.15 1.00
12.5 6 0.22 1.45
7 0.28 1.81
8 0.34 2.22
9 0.15 0.98
Mean | 0.25 1.62
25 11 0.20 1.27
12 0.17 112
13 0.25 1.64
14 0.22 1.40
Mean | 0.21 1.36
50 16 0.19 121
17 0.12 0.77
18 0.26 1.70
19 0.35 2.29
Mean | 0.23 1.49
Isoeugenol 2007a | AOO 0 1 0.15 0.83 2.92 3.62 5.92 6.69
2 0.22 127
3 0.15 0.84
4 0.19 1.06
Mean | 0.18 1.00
3 5 0.49 2.79
6 0.32 1.82
7 0.13 0.73
8 0.13 0.74
Mean | 0.27 1.52




Individual Animal Data for the LLNA

: BrdU-ELISA - Takeyoshi et al.

Conc. An.

Substance Ref. Veh. (%) No. | ABS! Sl EC15 | EC16 | EC19 | EC2
Isoeugenol 2007a | AOO 10 9 0.51 2.90
(continued) 10 0.60 | 3.40

11 0.35 2.01
12 0.25 1.40
Mean | 0.43 243
30 13 0.99 5.64
14 1.04 5.90
15 1.06 6.02
16 1.64 9.35
Mean | 1.18 6.73
Eugenol 2007a | AOO 0 1 0.15 0.83 10.68 11.18 | 13.70 | 14.56
2 0.22 1.27
3 0.15 0.84
4 0.19 1.06
Mean | 0.18 1.00
3 41 0.20 112
42 0.11 0.64
43 0.12 0.66
44 0.10 0.57
Mean | 0.13 0.75
10 45 0.20 112
46 0.34 1.95
47 0.28 1.60
48 0.20 1.16
Mean | 0.26 1.46
30 49 0.53 3.00
50 0.45 2.56
51 0.99 5.62
52 0.73 4.13
Mean | 0.67 3.83
Dilignol 2007a | AOO 0 1 0.15 0.85 NC NC NC NC
2 0.23 1.32
3 0.14 0.79
4 0.18 1.04
Mean | 0.18 1.00
3 17 0.19 1.08
18 0.31 1.75
19 0.12 0.68
20 0.10 0.56
Mean | 0.18 1.02




Individual Animal Data for the LLNA

: BrdU-ELISA - Takeyoshi et al.

Conc. An.

Substance Ref. Veh. (%) No. | ABS! Sl EC15 | EC16 | EC19 | EC2
Dilignol 2007a | AOO 10 21 0.31 1.75
(continued) 22 0.29 | 1.63

23 0.14 0.81
24 0.10 0.56
Mean | 0.21 1.19
30 25 0.23 1.32
26 0.25 141
27 0.10 0.57
28 0.16 0.89
Mean | 0.19 1.05
Dehydrodiisoeugenol 2007a | AOO 0 1 0.16 0.92 1.86 1.89 2.85 3.31
2 0.23 1.32
3 0.14 0.81
4 0.17 0.95
Mean | 0.18 1.00
3 29 0.18 1.03
30 0.53 3.03
31 0.30 171
32 0.36 2.03
Mean | 0.34 1.95
10 33 0.54 3.08
34 0.70 3.97
35 0.45 2.58
36 0.48 2.75
Mean | 0.54 3.09
30 37 1.00 5.66
38 0.69 391
39 1.08 6.12
40 1.03 5.83
Mean | 0.95 5.38
Hexane 2009 AOO 0 1 0.07 0.91 65.79 78.95 NC NC
2 0.12 151
3 0.06 0.71
4 0.07 0.87
Mean | 0.08 1.00
25 6 0.09 1.14
7 0.11 1.45
8 0.10 1.22
9 0.12 154
Mean | 0.11 1.34




Individual Animal Data for the LLNA: BrdU-ELISA - Takeyoshi et al.

Conc. An.

Substance Ref. Veh. (%) No. | ABS! Sl EC15 | EC16 | EC19 | EC2
Hexane 2009 AOO 0 11 0.05 0.81
(continued) 12 0.09 | 1.50

13 0.05 0.79
14 0.06 0.91
Mean | 0.06 1.00
50 16 0.08 1.36
17 0.12 191
18 0.06 0.99
19 0.08 1.26
Mean | 0.08 1.38
0 21 0.05 0.77
22 0.11 1.60
23 0.06 0.78
24 0.06 0.85
Mean | 0.07 1.00
100 26 0.11 1.60
27 0.13 1.87
28 0.14 2.03
29 0.11 1.53
Mean | 0.12 1.76
Linalool 2009 AOO 0 1 0.11 0.81 NC NC NC NC
2 0.19 1.35
3 0.12 0.85
4 0.14 0.99
Mean | 0.14 1.00
25 6 0.20 1.48
7 0.15 1.13
8 0.09 0.69
9 0.26 1.86
Mean | 0.18 1.29
50 11 0.30 2.16
12 0.15 1.09
13 0.20 143
14 0.15 111
Mean | 0.20 1.45
100 16 0.19 1.37
17 0.21 153
18 0.12 0.87
19 0.13 0.94
Mean | 0.16 1.18
Trimelittic anhydride 2009 AOO 0 1 0.07 0.96 1.76 1.81 197 2.03
2 0.07 0.89
3 0.09 1.16
Mean | 0.07 1.00




Individual Animal Data for the LLNA

: BrdU-ELISA - Takeyoshi et al.

Conc. An.
Substance Ref. Veh. (%) No. | ABS! Sl EC15 | EC16 | EC19 | EC2
Trimelittic anhydride 2009 AOO 25 4 0.19 2.53
(continued) 5 0.26 | 351
6 0.16 2.18
Mean | 0.19 2.74
5 7 0.30 4.05
8 0.47 6.31
9 0.39 5.22
Mean | 0.30 5.19
10 7 0.54 7.22
8 0.55 7.33
9 0.67 8.99
Mean | 0.54 7.85
VvC 2009 DMSO | 0 1 0.09 0.60 NA NA NA NA
2 0.18 1.13
3 0.19 1.18
4 0.18 1.10
Mean | 0.16 1.00
Cobalt chloride 2009 DMSO | 0.5 5 0.30 1.92 0.27 0.32 0.47 0.63
6 0.25 1.61
7 0.31 1.96
8 0.37 2.32
Mean | 0.31 1.95
5 9 0.55 3.47
10 0.60 3.76
11 0.53 3.35
12 0.65 4.13
Mean | 0.58 3.68
VvC 2009 DMF 0 1 0.10 0.73 NA NA NA NA
2 0.16 1.16
3 0.12 0.89
4 0.17 1.22
Mean | 0.14 1.00
5-Chloro-2-methyl-4- 2009 DMF 0.01 5 0.27 2.02 0.05 0.07 0.11 0.12
isothiazolin-3-one 6 0.10 0.77
solution 7 0.09 0.66
8 0.18 1.33
Mean | 0.16 1.19
0.5 9 0.93 6.89
10 0.66 4.85
11 0.52 3.85
12 0.51 3.74
Mean | 0.65 4.83




Individual Animal Data for the LLNA

: BrdU-ELISA - Takeyoshi et al.

Conc. An.
Substance Ref. Veh. (%) No. | ABS! Sl EC15 | EC16 | EC19 | EC2
Sodium lauryl sulfate 2009 DMF 10 5 0.09 0.68 13.01 13.33 | 14.30 | 14.63
6 0.08 0.61
7 0.10 0.73
8 0.04 0.27
Mean | 0.08 0.57
16.7 9 0.39 291
10 0.43 3.19
11 0.41 3.04
12 0.19 141
Mean | 0.36 2.64
Imidazolidiny! urea 2009 DMF 10 5 0.09 0.70 | 45.00 49.55 NC NC
6 0.12 0.90
7 0.10 0.74
8 0.08 0.58
Mean | 0.10 0.73
50 9 0.28 2.07
10 0.23 1.73
11 0.20 1.46
12 0.16 1.16
Mean | 0.22 1.61
VvC 2009 DMF 0 1 0.05 0.46 NA NA NA NA
2 0.14 117
3 0.10 0.83
4 0.18 154
Mean | 0.12 1.00
Sulfanlamide 2009 DMF 10 5 0.17 1.45 NC NC NC NC
6 0.08 0.68
7 0.08 0.73
8 0.13 1.09
Mean | 0.11 0.98
50 9 0.20 1.70
10 0.11 0.93
11 0.12 1.06
12 0.16 1.36
Mean | 0.15 1.26
4-Methylaminophenol 2009 DMF 2 5 0.21 184 | 118 1.29 1.67 1.82
sulfate 6 0.16 1.34
7 0.21 1.77
8 0.41 3.50
Mean | 0.25 211




Individual Animal Data for the LLNA

: BrdU-ELISA - Takeyoshi et al.

Conc. An.
Substance Ref. Veh. (%) No. | ABS! Sl EC15 | EC16 | EC19 | EC2
4-Methylaminophenol
sulfate 2009 DMF 10 9 0.42 3.58
(continued) 10 032 | 273
11 0.44 3.80
12 0.67 5.80
Mean | 0.46 3.98
Ethlene glycol 2009 MEK 0 1 0.06 0.80 | 27.23 31.75 | 4531 | 49.83
dimethacrylate 2 0.06 | 0.83
3 0.11 142
4 0.07 0.94
Mean | 0.07 1.00
20 5 0.10 141
6 0.12 1.63
7 0.09 1.28
8 0.08 1.05
Mean | 0.10 1.34
100 9 0.18 2.46
10 0.23 3.14
11 0.29 3.93
12 0.21 2.89
Mean | 0.23 3.11
VvC 2009 AOO 0 1 0.04 0.41 NA NA NA NA
2 0.20 1.87
3 0.10 0.91
4 0.09 0.82
Mean | 0.11 1.00
Cinnamic alcohol 2009 AOO 10 5 0.16 1.46 21.82 24.09 | 3091 | 33.18
6 0.10 0.94
7 0.06 0.54
8 0.10 0.99
Mean | 0.10 0.98
50 9 0.28 2.61
10 0.31 2.97
11 0.27 251
12 0.31 2.89
Mean | 0.29 2.74
Ethyl acrylate 2009 AOO 20 5 0.11 1.07 31.34 33.33 | 39.30 | 41.29
6 0.10 0.92
7 0.08 0.77
8 0.10 0.94
Mean | 0.99 0.93




Individual Animal Data for the LLNA

: BrdU-ELISA - Takeyoshi et al.

Conc. An.
Substance Ref. Veh. (%) No. | ABS! Sl EC15 | EC16 | EC19 | EC2
Ethyl acrylate 2009 AOO 100 9 0.56 5.31
(continued) 10 0.67 | 6.37
11 0.38 3.65
12 0.47 4.47
Mean | 0.52 4.95
Diethyl maleate 2009 AOO 5 5 0.06 0.60 7.69 8.05 9.14 9.50
6 0.06 0.61
7 0.11 1.05
8 0.08 0.79
Mean | 0.08 0.76
25 9 0.67 6.32
10 0.97 9.14
11 0.55 5.23
12 0.47 4.40
Mean | 0.66 6.27
VvC 2009 AOO 0 1 0.04 0.69 NA NA NA NA
2 0.09 143
3 0.06 0.96
4 0.06 0.93
Mean | 0.06 1.00
Phenyl benzoate 2009 AOO 10 5 0.06 0.97 NC NC NC NC
6 0.04 0.70
7 0.05 0.81
8 0.06 1.04
Mean | 0.05 0.88
33 9 0.06 1.08
10 0.06 0.93
11 0.11 1.88
12 0.04 0.73
Mean | 0.07 1.15
Salicylic acid 2009 AOO 10 5 0.05 0.77 NC NC NC NC
6 0.08 142
7 0.04 0.70
8 0.06 1.04
Mean | 0.06 0.98
25 9 0.06 0.95
10 0.08 1.39
11 0.09 1.49
12 0.07 1.22
Mean | 0,08 1.26




Individual Animal Data for the LLNA

: BrdU-ELISA - Takeyoshi et al.

Conc. An.
Substance Ref. Veh. (%) No. | ABS! Sl EC15 | EC16 | EC19 | EC2
Aniline 2009 AOO 0 1 0.07 0.86 67.90 73.60 | 90.27 | 95.86
2 0.09 1.10
3 0.09 1.06
4 0.08 0.98
Mean | 0.08 1.00
50 5 0.14 1.74
6 0.09 1.14
7 0.08 1.00
8 0.07 0.86
Mean | 0.10 1.20
100 9 0.18 2.16
10 0.21 2.55
11 0.12 151
12 0.02 0.20
Mean | 0.17 2.10
Linalool 2009 AOO 0 1 0.08 0.75 25.22 2760 | 34.72 | 37.09
2 0.10 0.96
3 0.13 121
4 0.11 1.08
Mean | 0.11 1.00
20 5 0.14 1.37
6 0.07 0.64
7 0.07 0.62
8 0.26 2.50
Mean | 0.14 1.30
100 9 0.35 3.30
10 0.52 4.95
11 0.63 6.02
12 0.46 4.35
Mean | 0.49 4.70
VvC 2009 AOO 0 1 0.05 0.70 NA NA NA NA
2 0.06 0.87
3 0.08 121
4 0.09 1.22
Mean | 0.07 1.00
Hydroxycitronellal 2009 AOO 20 5 0.19 2.69 16.20 17.12 | 2055 | 23.31
6 0.11 1.63
7 0.08 1.08
8 0.15 2.13
Mean | 0.13 1.88




Individual Animal Data for the LLNA

: BrdU-ELISA - Takeyoshi et al.

Conc. An.

Substance Ref. Veh. (%) No. | ABS! Sl EC15 | EC16 | EC19 | EC2
Hydroxycitronellal 2009 AOO 100 9 026 | 3.71
(continued) 10 0.32 | 4.56

11 0.39 5.58
12 0.37 5.27
Mean | 0.33 4.78
Cyclamen aldehyde 2009 AOO 20 5 0.19 2.78 10.47 11.05 | 12.97 | 13.68
6 0.24 | 3.40
7 0.19 2.66
8 014 | 2.01
Mean | 0.19 271
100 9 0.41 5.81
10 0.41 5.93
11 0.37 5.34
12 0.40 | 5.78
Mean | 0.40 | 5.72
Phenyl benzoate 2009 DMF 0 1 0.12 1.17 14.14 16.95 | 25.39 | 28.20
2 0.09 0.87
3 0.04 | 0.38
4 0.16 1.57
Mean | 0.10 1.00
133 5 0.14 1.30
6 0.10 1.01
7 0.19 1.82
8 0.18 1.75
Mean | 0,15 1.47
66.7 9 045 | 4.34
10 0.47 | 454
11 023 | 2.19
12 025 | 242
Mean | 0.35 3.37

Abbreviations: ABS = absorbance; An. No. = animal number; AOO = acetone: olive oil (4:1);
Conc. = concentration; DHEA = 2,2'-dihydroxyl-3,3'-dimethoxy-5,5'-diallyl-biphenyl; DHEB = 4,5'-diallyl-
2'-hydroxy-2,3'-dimethoxyphenyl ether; DMF = N,N-dimethylformamide; DMSO = dimethyl sulfoxide;
DNCB = 2,4-dinitrochlorobenzene; EC = estimated concentration needed to produce a stimulation index of

1.5 (ECL.5), 1.6 (EC1.6); 1.9 (EC1.9), or 2 (EC2); HCA = hexyl cinnamic aldehyde; LLNA:
BrdU-ELISA = murine local lymph node assay with enzyme-linked immunosorbent assay detection of

bromodeoxyuridine; NA = not applicable; NC = not calculated because SI was not high enough to calculate
EC1.5, EC1,6, EC1.9, or EC2 or because only one dose was tested; Ref. = year of Takeyoshi et al. reference

for the data; SI = stimulation index; VC = vehicle control; VVeh. = vehicle.

* EC values were calculated by linear interpolation using SI =1 and concentration = 0 as the lowest point

mean of 3 replicates.

because the dose-response was nonmonotonic.
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Individual Animal Data for the LLNA: BrdU-ELISA - Kojima et al. 2008



This page intentionally left blank



Individual Animal Data for the LLNA: BrdU-ELISA - Kojima et al. 2008

Conc. | Animal
Substance Lab | Vehicle | (%) No. ABS! SI EC15 | EC16 | EC19 | EC2
VP 1 AOO 0 1 024 | 1.17 | NA NA NA NA
2 0.20 | 0.95
3 0.18 | 0.88
4 0.21 | 1.00
Mean 0.21 1.00
PC 1 AOO 0 1 049 | 233 | NA NA NA NA
2 040 | 1.92
3 048 | 2.29
4 0.36 | 1.73
Mean 0.43 2.07
VS 1 AOO 0 1 029 | 096 | NA NA NA NA
2 0.30 | 1.00
3 037 | 122
4 025 | 0.82
Mean 0.43 2.07
Methyl salicylate 1 AOO 10 1 043 | 142 | NC NC NC NC
2 0.38 | 1.26
3 0.41 1.34
4 051 | 1.69
Mean 0.43 143
25 1 0.56 | 1.86
2 031 | 1.04
3 0.29 | 0.95
4 051 | 1.68
Mean 0.42 1.38
0.5 1 0.33 | 1.08
2 036 | 1.21
3 040 | 134
4 043 | 143
Mean 0.38 1.26
1 AOO 0.1 1 0.68 | 224 | 0.06 0.06 0.08 0.08
2, 4-Dinitrochlorobenzene 2 0.58 1.93
3 0.90 | 3.00
4 054 | 1.77
Mean 0.67 2.23
0.3 1 115 | 3.82
2 131 | 434
3 0.87 | 2.88
4 111 | 3.66
Mean 111 3.68




Individual Animal Data for the LLNA: BrdU-ELISA - Kojima et al. 2008

Conc. | Animal
Substance Lab | Vehicle | (%) No. ABS! SI EC15 | EC16 | EC19 | EC2
1 AOO 1 1 125 | 4.16
2, 4-Dinitrochlorobenzene 2 1.23 4.07
(continued) 3 1.23 | 4.08
4 1.48 | 4.90
Mean 1.30 | 4.30
VP 1 AOO 0 1 0.04 | 0.67 | NA NA NA NA
2 0.07 | 1.27
3 0.03 | 0.60
4 0.08 | 1.47
Mean 0.06 1.00
PC 1 AOO 0 1 0.22 | 404 | NA NA NA NA
2 0.37 | 6.73
3 0.38 | 6.88
4 0.38 | 6.79
Mean 0.34 | 6.11
VS 1 AOO 0 1 0.15 | 093 | NA NA NA NA
2 0.27 | 1.69
3 0.11 | 0.69
4 0.11 | 0.69
Mean 0.16 1.00
1 AOO 10 1 0.23 | 1.48 | 9.40 1040 | 14.80 | 16.20
Hexyl cinnamic aldehyde 2 0.22 | 1.36
3 0.25 | 1.60
4 029 | 1.83
Mean 0.25 1.57
25 1 035 | 2.20
2 045 | 2.87
3 042 | 2.69
4 042 | 2.68
Mean 0.41 2.61
50 1 048 | 3.04
2 0.57 | 3.62
3 0.61 | 3.87
4 049 | 3.09
Mean 0.54 | 3.40
Isopropanol 1 AOO 10 1 020 | 1.27 | 4.10* | 4.92* | 7.38* | 8.20*
2 0.68 | 4.28
3 0.28 | 1.78
4 0.24 | 153
Mean 035 | 222




Individual Animal Data for the LLNA: BrdU-ELISA - Kojima et al. 2008

Conc. | Animal
Substance Lab | Vehicle | (%) No. ABS! SI EC15 | EC16 | EC19 | EC2
Isopropanol 1 AOO 25 1 0.15 | 0.97
(continued) 2 0.13 | 0.85
3 0.10 | 0.64
4 0.09 | 0.59
Mean 0.12 | 0.76
50 1 0.16 | 0.98
2 0.11 | 0.69
3 011 | 071
4 0.20 | 1.29
Mean 0.15 0.92
VP 1 ACE 0 1 013 | 161 | NA NA NA NA
2 0.07 | 0.80
3 0.05 | 057
4 0.08 | 1.01
Mean 0.08 1.00
PC 1 ACE 0 1 0.23 | 283 | NA NA NA NA
2 0.33 | 4.05
3 0.31 | 3.83
4 0.25 | 3.04
Mean 0.28 | 3.44
VS 1 ACE 0 1 0.09 | 0.87 | NA NA NA NA
2 0.09 | 0.84
3 0.17 | 157
4 0.08 | 0.73
Mean 0.11 1.00
Gluteraldehyde 1 ACE 0.1 1 0.12 | 1.09 | 0.06 0.08 0.14 0.18
2 0.21 | 1.96
3 025 | 231
4 0.18 | 1.66
Mean 0.19 1.76
0.3 1 0.25 | 2.30
2 0.26 | 241
3 033 | 311
4 0.19 | 1.76
Mean 0.26 | 2.40
1 1 0.27 | 2.47
2 0.54 | 5.03
3 0.35 | 3.30
4 044 | 410
Mean 0.40 3.72




Individual Animal Data for the LLNA: BrdU-ELISA - Kojima et al. 2008

Conc. | Animal
Substance Lab | Vehicle | (%) No. ABS! SI EC15 | EC16 | EC19 | EC2
Formaldehyde 1 ACE 1 1 028 | 259 | 0.27 0.29 0.37 0.41
2 051 | 4.75
3 0.27 | 2.47
4 0.27 | 252
Mean 0.33 | 3.08
3 1 0.50 | 4.69
2 0.50 | 4.69
3 0.53 | 4.92
4 0.35 | 3.28
Mean 0.47 4.40
10 1 018 | 1.71
2 0.22 | 2.00
3 0.18 | 1.70
4 0.18 | 1.72
Mean 0.19 1.78
VP 2 AOO 0 1 0.35 1.09 NA NA NA NA
2 0.30 | 0.93
3 0.34 | 1.05
4 0.30 | 0.93
Mean 0.32 1.00
PC? 2 AOO 0 1 0.30 | 093 | NA NA NA NA
2 0.38 | 1.17
3 0.50 | 1.53
4 049 | 153
Mean 0.42 1.29
VS 2 AOO 0 1 021 | 0.70 | NA NA NA NA
2 0.33 | 1.06
3 035 | 114
4 0.34 | 1.10
Mean 0.31 1.00
2 AOO 10 1 041 | 133 | 2096 | 27.90 | NC NC
Hexy! cinnamic aldehyde? 2 043 | 1.39
3 0.36 | 1.17
4 042 | 137
Mean 0.40 131
25 1 045 | 147
2 057 | 1.84
3 054 | 177
4 0.37 | 1.19
Mean 0.48 1.57




Individual Animal Data for the LLNA: BrdU-ELISA - Kojima et al. 2008

Conc. | Animal
Substance Lab | Vehicle | (%) No. ABS! SI EC15 | EC16 | EC19 | EC2
2 AOO 50 1 049 | 161
Hexyl cinnamic aldehyde 2 0.66 | 2.14
(continued) 3 052 | 171
4 058 | 1.88
Mean 0.56 1.83
Isopropanol? 2 AOO 10 1 035 [113 [ NC NC NC NC
2 039 | 1.27
3 0.27 | 0.87
4 0.33 | 1.07
Mean 0.33 1.09
25 1 0.31 | 1.02
2 024 | 0.77
3 0.11 | 0.36
4 038 | 1.23
Mean 0.26 | 0.85
50 1 0.24 | 0.78
2 025 | 081
3 0.36 | 1.16
4 0.17 | 0.55
Mean 0.25 0.83
VP 2 AOO 0 1 0.14 | 1.06 | NA NA NA NA
2 0.13 | 0.99
3 0.12 | 0.94
4 0.13 | 1.01
Mean 0.13 1.00
PC 2 AOO 0 1 050 | 3.82 | NA NA NA NA
2 0.61 | 4.62
3 0.66 | 5.01
4 094 | 7.14
Mean 0.68 5.15
VS 2 AOO 0 1 0.13 | 0.74 | NA NA NA NA
2 0.13 | 0.72
3 022 | 1.23
4 0.23 | 1.30
Mean 0.18 1.00
2 AOO 0.1 1 1.06 | 5.96 | 0.010* | 0.011* | 0.017* | 0.019*
2, 4-Dinitrochlorobenzene 2 1.09 6.13
3 131 | 7.35
4 1.09 | 6.12
Mean 114 6.39




Individual Animal Data for the LLNA: BrdU-ELISA - Kojima et al. 2008

Conc. | Animal
Substance Lab | Vehicle | (%) No. ABS! SI EC15 | EC16 | EC19 | EC2
2 AOO 0.3 1 094 | 5.26
2, 4-Dinitrochlorobenzene 2 1.10 6.18
(continued) 3 130 | 7.28
4 132 | 7.39
Mean 1.16 6.53
1 1 132 | 742
2 149 | 8.38
3 153 | 8.60
4 162 | 9.07
Mean 1.49 8.37
trans-Cinnamaldehyde 2 AOO 1 1 018 | 099 | 171 1.88 242 2.59
2 0.17 | 0.94
3 024 | 134
4 020 | 114
Mean 0.20 1.10
3 1 0.35 | 1.95
2 0.39 | 2.16
3 048 | 271
4 0.37 | 2.10
Mean 0.40 2.23
10 1 0.54 | 3.05
2 056 | 3.12
3 0.59 | 3.30
4 0.71 | 4.00
Mean 0.60 | 3.37
VP 2 AOO 0 1 020 | 1.16 | NA NA NA NA
2 0.16 | 0.89
3 0.15 | 0.87
4 0.19 | 1.07
Mean 0.17 1.00
PC 2 AOO 0 1 044 | 255 | NA NA NA NA
2 049 | 283
3 040 | 232
4 041 | 237
Mean 0.44 2.52
VS 2 AOO 0 1 022 | 126 | NA NA NA NA
2 0.11 | 0.61
3 022 | 1.26
4 0.15 | 0.87
Mean 0.17 1.00




Individual Animal Data for the LLNA: BrdU-ELISA - Kojima et al. 2008

Conc. | Animal
Substance Lab | Vehicle | (%) No. ABS! SI EC15 | EC16 | EC19 | EC2
Eugenol 2 AOO 10 1 024 | 140 | 1250 | 13.80 | 17.80 | 19.08
2 024 | 1.38
3 0.18 | 1.01
4 0.25 | 1.46
Mean 0.23 1.31
25 1 0.31 1.79
2 0.47 2.75
3 044 | 257
4 0.46 | 2.69
Mean 0.42 245
50 1 052 | 3.01
2 050 | 291
3 0.56 | 3.26
4 0.60 | 3.47
Mean 055 | 3.17
Methyl salicylate 2 AOO 10 1 020 | 1.13 | NC NC NC NC
2 022 | 1.26
3 0.16 | 0.93
4 019 | 112
Mean 0.19 1.11
25 1 020 | 1.14
2 0.20 | 1.17
3 023 | 134
4 0.17 | 1.00
Mean 0.20 1.16
50 1 0.28 | 1.65
2 019 | 112
3 0.27 | 1.58
4 024 | 141
Mean 0.25 1.44
VP 3 AOO 0 1 025 | 1.05 | NA NA NA NA
2 029 | 121
3 0.14 | 0.59
4 028 | 1.14
Mean 0.24 1.00
PC 3 AOO 0 1 0.68 | 282 | NA NA NA NA
2 101 | 421
3 0.65 | 2.70
4 0.87 | 3.63
Mean 0.80 3.34




Individual Animal Data for the LLNA: BrdU-ELISA - Kojima et al. 2008

Conc. | Animal
Substance Lab | Vehicle | (%) No. ABS! SI EC15 | EC16 | EC19 | EC2
VS 3 AOO 0 1 021 | 093 | NA NA NA NA
2 0.17 | 0.78
3 0.21 | 0.97
4 029 | 1.32
Mean 0.22 1.00
Methyl salicylate 3 AOO 10 1 023 | 1.06 | NC NC NC NC
2 0.34 1.54
3 0.13 | 0.59
4 027 | 121
Mean 0.24 1.10
25 1 0.39 | 1.78
2 0.24 | 1.07
3 0.12 | 054
4 0.32 | 1.46
Mean 027 | 121
50 1 0.26 | 1.18
2 047 | 215
3 0.18 | 0.79
4 0.33 | 149
Mean 0.31 1.40
3 AOO 0.1 1 0.77 | 350 | 0.022 | 0.023 | 0.027 | 0.029
2, 4-Dinitrochlorobenzene 2 0.81 3.69
3 0.98 | 4.44
4 1.20 | 5.45
Mean 0.94 | 4.27
0.3 1 128 | 582
2 135 | 6.13
3 131 | 5.96
4 1.57 7.11
Mean 1.38 6.26
10 1 126 | 571
2 128 | 582
3 1.30 | 5.90
4 144 | 6.52
Mean 1.32 5.99
VP 3 AOO 0 1 026 | 126 | NA NA NA NA
2 0.20 | 1.00
3 0.15 | 0.73
4 021 |1.01
Mean 0.20 1.00




Individual Animal Data for the LLNA: BrdU-ELISA - Kojima et al. 2008

Conc. | Animal
Substance Lab | Vehicle | (%) No. ABS! SI EC15 | EC16 | EC19 | EC2
PC 3 AOO 0 1 0.77 | 3.77 | NA NA NA NA
2 1.01 | 4.96
3 052 | 253
4 059 | 2.89
Mean 0.72 | 354
VS 3 AOO 0 1 0.36 1.34 NA NA NA NA
2 0.18 | 0.67
3 032 | 120
4 021 | 0.79
Mean 0.27 1.00
3 AOO 10 1 048 | 179 | 1523 | 17.00 | 22.20 | 23.95
Hexyl cinnamic aldehyde 2 0.35 | 1.33
3 023 | 0.85
4 022 | 0.84
Mean 032 | 1.20
25 1 0.55 | 2.06
2 072 | 2.72
3 030 |114
4 062 | 232
Mean 0.55 2.06
50 1 057 | 213
2 1.01 | 3.82
3 064 | 242
4 083 | 314
Mean 0.76 | 2.87
Isopropanol 3 AOO 10 1 0.30 | 114 | NC NC NC NC
2 035 | 131
3 0.13 | 0.50
4 0.26 | 0.97
Mean 0.26 | 0.98
25 1 027 | 1.01
2 0.28 | 1.06
3 0.16 | 0.61
4 020 | 0.73
Mean 0.23 | 0.85
50 1 021 | 0.79
2 029 | 1.08
3 0.13 | 047
4 0.17 | 0.64
Mean 0.20 | 0.75




Individual Animal Data for the LLNA: BrdU-ELISA - Kojima et al. 2008

Conc. | Animal
Substance Lab | Vehicle | (%) No. ABS! SI EC15 | EC16 | EC19 | EC2
VP 3 DMSO | 0 1 0.33 1.04 | NA NA NA NA
2 0.42 1.32
3 0.18 | 0.56
4 0.34 | 1.08
Mean 0.32 1.00
PC 3 DMSO | 0 1 0.67 | 210 | NA NA NA NA
2 0.94 | 298
3 0.60 1.90
4 0.55 1.72
Mean 0.69 2.18
VS 3 DMSO | 0 1 0.18 | 0.83 | NA NA NA NA
2 0.28 1.25
3 0.15 | 0.67
4 0.27 1.24
Mean 0.22 1.00
Lactic acid 3 DMSO | 10 1 020 | 0.90 | 20.98 | 2370 | NC NC
2 0.35 1.57
3 0.17 | 0.77
4 0.25 1.12
Mean 0.24 1.09
25 1 045 | 2.05
2 046 | 2.07
3 0.21 | 0.97
4 0.34 | 153
Mean 0.37 1.65
50 1 0.40 1.83
2 0.63 | 2.84
3 021 | 0.97
4 0.35 1.56
Mean 0.40 1.80
Nickel sulfate 3 DMSO |1 1 0.33 148 | 147 1.84 2.93 3.85
2 048 | 2.19
3 0.14 | 0.61
4 0.27 1.22
Mean 0.30 1.37
3 1 0.43 1.93
2 0.61 | 2.75
3 0.26 1.19
4 0.40 1.81
Mean 0.42 1.92




Individual Animal Data for the LLNA: BrdU-ELISA - Kojima et al. 2008

Conc. | Animal
Substance Lab | Vehicle | (%) No. ABS! SI EC15 | EC16 | EC19 | EC2
Nickel sulfate 3 DMSO | 10 1 0.70 3.16
(continued) 2 0.64 | 291
3 042 | 192
4 052 | 234
Mean 0.57 2.58
VP 4 AOO 0 1 0.23 0.81 NA NA NA NA
2 021 | 074
3 0.33 | 119
4 0.35 | 1.26
Mean 0.28 1.00
PC 4 AOO 0 1 0.83 | 295 | NA NA NA NA
2 071 | 254
3 076 | 2.71
4 0.72 | 2.56
Mean 0.76 | 2.69
VS 4 AOO 0 1 022 | 0.80 | NA NA NA NA
2 025 | 091
3 036 | 1.32
4 0.26 | 0.97
Mean 0.27 1.00
4 AOO 0.1 1 1.04 | 3.83 |0.022 | 0.023 | 0.028 | 0.030
2, 4-Dinitrochlorobenzene 2 1.05 3.87
3 0.88 | 3.23
4 1.06 | 3.90
Mean 1.01 3.71
0.3 1 143 | 527
2 138 | 5.10
3 1.44 | 5.30
4 1.49 | 550
Mean 143 5.29
1 1 143 | 527
2 154 | 5.68
3 147 | 543
4 152 | 5.62
Mean 1.49 5.50
trans-Cinnamaldehyde 4 AOO 1 1 0.60 | 221 | 095 1.04 1.48 1.63
2 0.22 | 0.80
3 038 | 141
4 051 | 1.86
Mean 0.43 157




Individual Animal Data for the LLNA: BrdU-ELISA - Kojima et al. 2008

Conc. | Animal
Substance Lab | Vehicle | (%) No. ABS! SI EC15 | EC16 | EC19 | EC2
trans-Cinnamaldehyde 4 AOO 3 1 0.80 | 294
(continued) 2 0.86 | 3.15
3 0.70 | 2.59
4 0.83 | 3.07
Mean 0.80 | 2.94
10 1 0.89 | 3.28
2 1.12 4.11
3 0.77 | 2.85
4 101 | 3.73
Mean 0.95 3.50
VP 4 AOO 0 1 0.26 | 1.16 | NA NA NA NA
2 0.24 | 1.08
3 0.19 | 084
4 021 | 0.92
Mean 0.22 1.00
PC 4 AOO 0 1 0.50 2.25 NA NA NA NA
2 0.89 | 3.99
3 055 | 244
4 090 | 4.00
Mean 0.71 | 317
VS 4 AOO 0 1 040 | 165 | NA NA NA NA
2 0.22 | 0.92
3 0.17 | 0.72
4 0.17 | 071
Mean 0.24 1.00
Isopropanol 4 AOO 0.1 1 0.19 | 0.78 | 4510 | NC NC NC
2 0.09 | 0.37
3 0.24 | 0.99
4 044 | 1.83
Mean 0.24 0.99
0.25 1 058 | 241
2 0.11 | 0.46
3 0.22 | 0.92
4 0.26 | 1.06
Mean 029 | 121
0.5 1 0.19 | 0.78
2 053 | 221
3 052 | 215
4 0.28 | 1.15
Mean 0.38 1.57




Individual Animal Data for the LLNA: BrdU-ELISA - Kojima et al. 2008

Conc. | Animal
Substance Lab | Vehicle | (%) No. ABS! SI EC15 | EC16 | EC19 | EC2
4 AOO 10 1 058 | 239 | 4.07 4.80 7.92 9.36
Hexyl cinnamic aldehyde 2 0.40 | 1.67
3 0.62 | 257
4 036 | 151
Mean 049 | 2.04
25 1 0.66 | 2.73
2 0.65 | 2.69
3 0.61 | 254
4 0.58 | 2.40
Mean 0.63 2.59
50 1 099 | 411
2 0.83 | 3.45
3 0.78 | 3.25
4 0.61 | 254
Mean 0.80 | 334
VP 4 DMSO | 0 1 0.05 | 032 | NA NA NA NA
2 0.23 | 148
3 0.20 | 1.28
4 0.14 | 0.92
Mean 0.15 1.00
PC 4 DMSO | 0 1 1.04 | 6.75 | NA NA NA NA
2 1.08 | 7.01
3 1.07 | 6.92
4 0.86 | 5.60
Mean 1.01 | 6.57
VS 4 DMSO | 0 1 0.16 | 0.75 | NA NA NA NA
2 0.11 | 051
3 029 | 1.36
4 029 | 1.38
Mean 0.21 1.00
Lactic acid 4 DMSO | 10 1 024 | 113 | 343 5.71 NC NC
2 047 | 2.25
3 028 | 1.34
4 044 | 211
Mean 0.36 1.71
25 1 0.33 | 156
2 045 | 214
3 0.34 | 1.63
4 047 | 224
Mean 040 | 1.89




Individual Animal Data for the LLNA: BrdU-ELISA - Kojima et al. 2008

Conc. | Animal
Substance Lab | Vehicle | (%) No. ABS! SI EC15 | EC16 | EC19 | EC2
Lactic acid 4 DMSO | 50 1 044 | 211
(continued) 2 037 | 1.78
3 0.26 | 1.22
4 030 | 141
Mean 0.34 1.63
Nickel sulfate 4 DMSO |1 1 035 | 1.66 | 0.48* | 0.57* | 0.86* | 0.95*
2 044 | 210
3 0.35 | 1.65
4 059 | 2.78
Mean 0.43 2.05
3 1 029 | 1.39
2 0.34 | 1.63
3 048 | 2.30
4 0.56 | 2.66
Mean 0.42 2.00
10 1 0.94 | 445
2 0.70 | 3.32
3 0.71 | 3.36
4 147 | 6.98
Mean 0.95 | 453
VP 5 ACE 0 1 0.04 | 029 | NA NA NA NA
2 0.15 | 1.17
3 0.07 | 0.52
4 025 | 201
Mean 0.13 1.00
PC 5 ACE 0 1 1.40 | 11.10 | NA NA NA NA
2 0.64 | 5.05
3 237 | 18.78
4 1.87 | 14.87
Mean 157 | 12.45
VS 5 ACE 0 1 0.05 | 094 | NA NA NA NA
2 0.01 | 0.19
3 0.11 | 2.07
4 0.04 | 081
Mean 0.05 1.00
Formaldehyde 5 ACE 1 1 0.13 | 252 | 0.15* | 0.19* | 0.28* | 0.31*
2 0.27 | 5.01
3 0.06 | 1.15
4 0.44 | 8.26
Mean 0.23 4.23




Individual Animal Data for the LLNA: BrdU-ELISA - Kojima et al. 2008

Conc. | Animal
Substance Lab | Vehicle | (%) No. ABS! SI EC15 | EC16 | EC19 | EC2
Formaldehyde 5 ACE 3 1 0.07 | 1.26
(continued) 2 0.12 | 2.18
3 0.08 | 1.56
4 0.09 | 1.63
Mean 0.09 1.66
10 1 0.54 | 10.22
2 0.30 | 5.60
3 0.85 | 16.02
4 1.84 | 3452
Mean 0.88 | 16.59
Gluteraldehyde 5 ACE 0.001 |1 022 | 417 | 0.031 | 0.031 | 0.033 | 0.034
2 0.29 | 5.37
3 0.20 | 3.66
4 0.88 | 16.47
Mean 0.40 7.42
0.003 |1 0.22 | 4.09
2 0.97 | 18.22
3 0.51 | 9.56
4 1.06 | 19.87
Mean 0.69 12.93
0.01 1 165 | 30.93
2 0.98 | 18.40
3 177 | 3331
4 1.70 | 3191
Mean 153 28.64
VP 5 AOO 0 1 0.05 | 030 | NA NA NA NA
2 0.18 | 1.13
3 0.13 | 0.79
4 029 | 1.78
Mean 0.16 1.00
PC 5 AOO 0 1 0.61 | 3.76 | NA NA NA NA
2 0.82 | 5.10
3 091 | 561
4 0.40 | 2.47
Mean 0.68 | 4.24
VS 5 AOO 0 1 0.09 | 061 | NA NA NA NA
2 0.17 | 1.15
3 0.18 | 1.19
4 0.16 | 1.05
Mean 0.15 1.00




Individual Animal Data for the LLNA: BrdU-ELISA - Kojima et al. 2008

Conc. | Animal
Substance Lab | Vehicle | (%) No. ABS! SI EC15 | EC16 | EC19 | EC2
5 AOO 0.1 1 2.56 | 17.07 | 0.0022 | 0.0022 | 0.0024 | 0.0025
2, 4-Dinitrochlorobenzene 2 1.96 13.07
3 221 | 1474
4 224 | 14.92
Mean 224 | 1495
0.3 1 272 | 18.14
2 2.79 | 18.61
3 290 | 19.35
4 2.86 | 19.08
Mean 2.82 | 18.80
1 1 2.77 | 18.45
2 2.67 | 17.79
3 221 | 1474
4 251 | 16.76
Mean 2.54 16.94
trans-Cinnamaldehyde 5 AOO 1 1 0.12 | 078 | 1.75 1.96 2.58 2.79
2 0.08 | 0.56
3 0.28 | 1.85
4 021 | 1.38
Mean 0.17 1.14
3 1 0.40 | 2.69
2 0.28 | 1.87
3 0.28 | 1.87
4 0.30 | 1.98
Mean 0.32 2.10
10 1 057 | 3.79
2 050 | 334
3 0.70 | 4.66
4 0.70 | 4.65
Mean 0.62 411
VP 5 AOO 0 1 0.16 | 1.41 | NA NA NA NA
2 0.04 | 0.33
3 0.08 | 0.73
4 0.17 | 152
Mean 0.11 1.00
PC 5 AOO 0 1 0.69 | 6.17 | NA NA NA NA
2 058 | 5.15
3 0.90 | 8.02
4 0.55 | 4.90
Mean 0.68 6.06




Individual Animal Data for the LLNA: BrdU-ELISA - Kojima et al. 2008

Conc. | Animal
Substance Lab | Vehicle | (%) No. ABS! SI EC15 | EC16 | EC19 | EC2
VS 5 AOO 0 1 0.04 | 0.63 | NA NA NA NA
2 0.08 | 1.48
3 0.03 | 0.62
4 0.07 | 1.27
Mean 0.06 1.00
Isopropanol 5 AOO 10 1 0.09 | 156 | NC NA NC NC
2 0.04 | 0.74
3 0.05 | 0.92
4 0.03 | 0.52
Mean 0.05 0.94
25 1 0.05 | 0.92
2 0.02 | 043
3 0.03 | 0.52
4 0.05 | 0.89
Mean 0.04 | 0.69
50 1 0.03 | 0.62
2 0.04 | 0.78
3 0.03 | 0.54
4 0.05 | 0.94
Mean 0.04 | 0.72
5 AOO 10 1 044 | 789 | 354 3.64 3.96 4.07
Hexyl cinnamic aldehyde 2 0.07 | 132
3 020 | 3.58
4 0.46 | 8.24
Mean 0.29 | 5.26
25 1 026 | 474
2 092 | 16.65
3 020 | 3.57
4 052 | 9.36
Mean 0.47 8.58
50 1 0.93 | 16.89
2 037 | 6.61
3 1.10 | 19.95
4 0.58 | 10.55
Mean 0.75 13.50
VP 6 AOO 0 1 030 | 197 | NA NA NA NA
2 0.08 | 0.55
3 0.15 | 0.99
4 0.07 | 0.49
Mean 0.15 1.00




Individual Animal Data for the LLNA: BrdU-ELISA - Kojima et al. 2008

Conc. | Animal
Substance Lab | Vehicle | (%) No. ABS! SI EC15 | EC16 | EC19 | EC2
PC 6 AOO 0 1 0.66 | 4.40 | NA NA NA NA
2 0.66 | 4.39
3 1.21 | 8.09
4 0.64 | 4.27
Mean 0.79 |5.29
VS 6 AOO 0 1 0.21 0.84 NA NA NA NA
2 0.13 | 0.53
3 037 | 147
4 029 | 1.16
Mean 0.25 1.00
6 AOO 10 1 029 | 113 | 7.90 8.60 11.70 | 13.03
Hexyl cinnamic aldehyde 2 048 | 191
3 033 | 1.32
4 0.70 | 2.76
Mean 045 | 1.78
25 1 0.67 | 2.66
2 057 | 225
3 1.04 | 412
4 0.62 | 247
Mean 0.73 2.87
50 1 137 | 541
2 059 | 231
3 053 | 210
4 NA NA
Mean 0.83 | 3.27
Isopropanol 6 AOO 10 1 0.88 | 3.48 | 4.81* | 577* | 8.65* | 9.62*
2 0.20 | 0.79
3 047 | 1.86
4 NA NA
Mean 0.52 2.04
25 1 0.18 | 0.72
2 034 | 134
3 033 |131
4 NA NA
Mean 028 | 112
50 1 0.27 | 1.07
2 056 | 220
3 032 |1.28
4 NA NA
Mean 0.38 1.52




Individual Animal Data for the LLNA: BrdU-ELISA - Kojima et al. 2008

Conc. | Animal
Substance Lab | Vehicle | (%) No. ABS! SI EC15 | EC16 | EC19 | EC2
VP 6 ACE 0 1 0.12 | 0.65 | NA NA NA NA
2 0.25 1.36
3 0.16 | 0.90
4 0.20 1.09
Mean 0.18 1.00
PC 6 ACE 0 1 0.37 | 204 | NA NA NA NA
2 046 | 254
3 0.57 | 3.09
4 0.36 1.95
Mean 0.44 240
VS 6 ACE 0 1 0.23 1.38 | NA NA NA NA
2 0.11 | 0.69
3 0.13 | 081
4 0.18 1.12
Mean 0.16 1.00
Gluteraldehyde 6 ACE 0.1 1 0.19 117 | 021 0.24 0.32 0.51
2 0.14 | 0.85
3 0.17 1.06
4 0.15 | 0.89
Mean 0.16 | 0.99
0.3 1 040 | 242
2 0.31 1.88
3 0.31 1.88
4 0.22 1.37
Mean 0.31 1.89
1 1 0.36 | 2.20
2 042 | 258
3 0.30 1.87
4 0.38 | 2.34
Mean 0.37 2.25
Formaldehyde 6 ACE 0.01 1 033 | 204 | 0.58 0.01 0.07 NC
2 0.20 1.20
3 0.23 1.38
4 0.29 1.77
Mean 0.26 1.60
0.03 1 0.31 1.91
2 0.29 1.75
3 0.25 1.52
4 0.33 | 201
Mean 0.29 1.80




Individual Animal Data for the LLNA: BrdU-ELISA - Kojima et al. 2008

Conc. | Animal
Substance Lab | Vehicle | (%) No. ABS! SI EC15 | EC16 | EC19 | EC2
Formaldehyde 6 ACE 0.1 1 0.36 | 2.20
(continued) 2 0.24 | 1.50
3 039 | 241
4 029 | 177
Mean 0.32 1.97
VP 6 AOO 0 1 0.49 1.61 NA NA NA NA
2 0.20 | 0.66
3 0.26 | 0.84
4 0.27 | 0.89
Mean 0.30 1.00
PC 6 AOO 0 1 0.68 | 224 | NA NA NA NA
2 083 | 272
3 068 | 2.24
4 0.88 | 2.88
Mean 0.77 | 252
VS 6 AOO 0 1 0.27 | 1.30 | NA NA NA NA
2 0.14 | 0.69
3 024 | 115
4 0.18 | 0.86
Mean 0.21 1.00
Eugenol 6 AOO 10 1 035 | 166 | 1047 | 11.65 | 1520 | 16.38
2 027 | 1.27
3 0.28 | 1.33
4 0.33 | 157
Mean 0.31 1.46
25 1 099 | 472
2 052 | 248
3 0.38 | 1.83
4 040 | 1.90
Mean 0.57 2.73
50 1 0.67 | 3.18
2 0.87 | 413
3 0.64 | 3.04
4 050 | 2.36
Mean 0.67 | 3.18
6 AOO 0.1 1 0.67 | 319 |0.022 | 0.022 | 0.023 | 0.025
2, 4-Dinitrochlorobenzene 2 0.76 | 3.61
3 0.68 | 3.25
4 0.74 | 3.50
Mean 0.71 3.39




Individual Animal Data for the LLNA: BrdU-ELISA - Kojima et al. 2008

Conc. | Animal
Substance Lab | Vehicle | (%) No. ABS! SI EC15 | EC16 | EC19 | EC2
6 AOO 0.3 1 091 | 4.33
2, 4-Dinitrochlorobenzene 2 0.89 4.24
(continued) 3 0.86 | 4.12
4 111 | 531
Mean 0.94 | 450
1 1 0.92 | 4.39
2 0.96 | 459
3 1.07 | 5.09
4 111 | 527
Mean 1.01 4.83
VP 7 AOO 0 1 0.04 | 049 | NA NA NA NA
2 015 | 171
3 0.08 | 0.93
4 0.08 | 0.87
Mean 0.09 1.00
PC 7 AOO 0 1 069 | 7.71 | NA NA NA NA
2 0.70 | 7.81
3 044 | 494
4 0.62 | 6.96
Mean 0.61 6.85
VS 7 AOO 0 1 015 | 121 | NA NA NA NA
2 0.08 | 0.69
3 0.16 | 1.30
4 0.10 | 081
Mean 0.12 1.00
7 AOO 10 1 015 | 1.26 | 9.45 10.10 | 13.20 | 14.21
Hexyl cinnamic aldehyde 2 0.23 | 1.90
3 017 | 1.44
4 021 | 1.78
Mean 0.19 1.59
25 1 0.26 | 2.19
2 040 | 3.33
3 0.34 | 281
4 046 | 3.86
Mean 0.37 3.05
50 1 0.33 | 2.78
2 0.81 | 6.69
3 051 | 4.20
4 0.20 | 1.70
Mean 046 | 3.84




Individual Animal Data for the LLNA: BrdU-ELISA - Kojima et al. 2008

Conc. | Animal
Substance Lab | Vehicle | (%) No. ABS! SI EC15 | EC16 | EC19 | EC2
Isopropanol 7 AOO 10 1 0.03 | 0.24 | NC NC NC NC
2 0.03 | 0.25
3 0.11 | 0.93
4 0.06 | 0.50
Mean 0.06 | 0.48
25 1 0.13 1.04
2 0.08 | 0.69
3 0.10 | 0.84
4 0.15 1.25
Mean 0.12 0.95
50 1 0.05 | 0.38
2 0.11 | 0.89
3 0.28 | 2.32
4 0.05 | 043
Mean 0.12 1.01
VP 7 AOO 0 1 0.10 1.14 | NA NA NA NA
2 0.10 1.17
3 0.09 1.07
4 0.05 | 0.61
Mean 0.09 1.00
PC 7 AOO 0 1 0.38 | 448 | NA NA NA NA
2 0.35 | 4.15
3 0.32 | 3.80
4 043 | 512
Mean 0.37 | 4.39
VS 7 AOO 0 1 0.15 1.21 | NA NA NA NA
2 0.11 | 0.87
3 0.09 | 0.76
4 0.14 | 1.16
Mean 0.12 1.00
Eugenol 7 AOO 10 1 033 | 270 | 351 3.77 4.70 5.06
2 0.36 | 2.93
3 044 | 358
4 0.31 | 249
Mean 0.36 2.93
25 1 044 | 354
2 0.33 | 2.67
3 0.73 | 595
4 0.56 | 4.57
Mean 0.51 4.18




Individual Animal Data for the LLNA: BrdU-ELISA - Kojima et al. 2008

Conc. | Animal
Substance Lab | Vehicle | (%) No. ABS! SI EC15 | EC16 | EC19 | EC2
Eugenol 7 AOO 50 1 0.79 | 6.44
(continued) 2 094 | 7.63
3 0.85 | 6.90
4 091 | 7.38
Mean 0.87 7.09
7 AOO 0.1 1 0.71 | 574 | 0.049 | 0.050 | 0.053 | 0.053
2, 4-Dinitrochlorobenzene 2 0.64 5.22
3 0.53 | 4.30
4 095 | 7.71
Mean 0.71 5.74
0.3 1 129 | 10.50
2 150 | 12.23
3 121 | 9.82
4 2.04 | 16.63
