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Abstract

The number of alternatives to animal tests (non-animal test methods) for human health developed globally
account for more than 40% of the test methods in the Organisation for Economic Co-operation and Development
(OECD) Guidelines for the Testing of Chemicals (TGs). Within the TGs, the National Institute of Health Sciences
(NIHS) has standardized 16 OECD TGs for human health, implemented four major revisions, and developed one test
method for the International Council for Harmonization of Technical Requirements for Pharmaceuticals for Human
Use (ICH) S10 guidelines on photosafety. This review describes trends in the OECD and Japan that mainly focus on
international standardizations of non-animal test methods for human health. Drawing from this experience, | hope
Japan will advance new approach methodologies for detecting systemic toxicity, which are in global demand.
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Background

Russel and Barch proposed the 3Rs principle in animal
testing in 1959 [1]. Alternative testing refers to methods
that reduce the number of animals used, refine proce-
dures to minimize or eliminate pain or distress, enhance
animal well-being, or replace animals with non-animal
systems or non-sentient species, adhering to the 3Rs
principle [2]. This review summarizes Japan’s contribu-
tion to the Organisation for Economic Co-operation
and Development (OECD) relating to international
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standardization of non-animal test methods for human
health.

International development and validation of alternative
methods

The development of non-animal testing methods com-
menced in the 1960s [3]. Initially, these methods were
aimed at replacing the Draize eye or skin irritation tests
and acute toxicity tests (lethal dose: LDg;) [4]. Research
and development of many alternative methods of eye
irritation tests have been investigated [5, 6]. During the
1990s, large-scale validation studies of eye irritation tests
[7, 8] and FRAME [9] were conducted by cosmetic indus-
try associations in Europe and the United States. As an
alternative to acute toxicity tests, collaborative research
on cytotoxicity tests has been conducted, mainly in Swe-
den [10]. In Germany, the Centre for Documentation and
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Evaluation of Alternatives to Animal Experiments and
the European Center for the Validation of Alternative
Methods (ECVAM, the current name is EURL ECVAM)
are leading the validation of alternative methods for cor-
rosivity tests [11, 12]. Some of these validated methods
have been adopted as OECD test guidelines (TG), provid-
ing harmonized methods for safety evaluation of chemi-
cal substances [13].

These test methods were established through validation
studies that emphasize reproducibility and predictability.
In particular, safety assessments require tests with high
predictability; therefore, protocols with higher sensitiv-
ity than animal test results (i.e., protocols that produce
as few false negatives as possible) are required. During
this validation process, protocols were refined, and test
methods with high predictability within the scope of
application were formalized. In the 1990s, this policy was
ambiguous, and validation was performed at the discre-
tion of individual groups. As a result of the lack of clar-
ity in validation requirements, many test methods were
either not proposed to the OECD or abandoned during
the OECD review process.

International trends in the validation and adoption of non-
animal test methods
To streamline validated methods for regulatory accep-
tance, the OECD held the Solna Workshop on the Har-
monization of Validation and Acceptance Criteria for
Alternative Toxicological Test Methods in 1996 with
experts from various countries. The principles and cri-
teria for validation and regulatory acceptance of the
new and revised test methods were agreed upon in this
workshop. Additionally, the OECD Conference on “Vali-
dation and Regulatory Acceptance of New and Updated
Methods in Hazard Assessment” was held in Stockholm,
Sweden, in March 2002. The purpose of the conference
was to develop and achieve consensus on practical guid-
ance for the principles and processes for the validation
and acceptance of animal and non-animal test methods
for regulatory hazard assessment purposes. Based on this
conference, OECD GD No. 34, “The Validation and Inter-
national Acceptance of New or Updated Test Methods
for Hazard Assessment,” was published in 2005 [2]. This
document provides guidance on issues related to validat-
ing new or updated test methods that are consistent with
current approaches. Test method validation is a process
based on scientifically sound principles through which
the reliability and relevance of a particular test, approach,
method, or process are established for a specific purpose.
Before this guidance, various validation centers were
established worldwide. The National Toxicology Program
Interagency Center for the Evaluation of Alternative
Toxicological Methods and Interagency Coordinating
Committee on the Validation of Alternative Methods
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(ICCVAM) [14] was established in the United States in
1991. ECVAM [15] was established in Europe in 1997.
These centers operate under respective laws and focus on
developing and evaluating alternative methods. In Japan,
the Japanese Centre for the Validation of Alternative
Methods (JaCVAM) was established within the National
Institute of Health Sciences (NIHS) in 2005 [16]. To
avoid redundant studies and accelerate research, the
International Cooperation on Alternative Test Methods
(ICATM) was established by ICCVAM, ECVAM, JaC-
VAM, and Health Canada in March 2009 [17]. The goal
of the ICATM was to foster international co-operation in
validation studies, independent peer review, and harmo-
nized recommendations, ensuring worldwide acceptance
of alternative methods and strategies. These test meth-
ods/strategies were developed with the aim to provide
equivalent or improved protection for people, animals,
and the environment, while replacing, reducing, or refin-
ing animal use where scientifically feasible. As the impor-
tance of international co-operation in the development
of alternative methods has been emphasized, the Korean
Centre for Alternative Methods and the Brazilian Centre
for Alternative Methods were established, and subse-
quently joined this organization [18, 19].

Since the 1980s, the OECD has adopted in vitro tests
for genotoxicity tests. However, since establishment of
the other non-animal test methods have advanced sub-
stantially in 2004, the non-animal test methods have
advanced over the past 20 years. This progress includes
alternative methods to animal testing for corrosion, such
as TG430: In vitro Skin Corrosion: Transcutaneous Elec-
trical Resistance Test Method; TG 431: In vitro Skin Cor-
rosion: Reconstructed human Epidermis Test Method;
TG432: In vitro 3T3 Neutral Red Uptake Phototoxicity
test; and TG 428: Skin Absorption, In vitro Method [12].
ICATM contributed substantially to the establishment of
these TG.

As of November 2024, 31 in chemico or in vitro test
methods have been adopted as alternative methods
among 76 OECD TGs related to human health (Table 1)
[13]. The number of non-animal test methods for human
health developed globally exceeds 40% of the test meth-
ods adopted by OECD TGs. Table 2 lists the TGs for the
non-animal test methods used in Japan. Each TG con-
tains many similar test methods that are meant to me
combined in toxicity evaluation. In total, there are 75
validated test methods that are included within the 31
TGs. Furthermore, good in vitro method practices have
been developed to ensure the number and quality of in
vitro studies [2]. However, the developed non-animal
test methods are limited to skin irritation, phototoxic-
ity, eye irritation, genotoxicity, and endocrine disruptor
screening, contributing mainly to the United Nations
globally harmonized system of classification and labeling



Kojima Genes and Environment (2025) 47:3

Table 1 OECD guidelines for the testing of chemicals for health
effects (2024)

Classification Number of TGs TGs for in vitro,
in chemico
Skin Corrosion 3 3
Skin Irritation 2 1
Phototoxicity 3
Eye Irritation 10 9
Skin Sensitization 4
Skin Absorpution 1
Genotoxicity 13 5
Endocrine Disrupter 4
Others 29 1
Total 76 31

of chemicals (UN GHS) [20]. Few methods for detecting
systematic toxicity have been acceptedby the OECD.

These alternative methods are useful for the hazard
identification of chemical substances as required by
the UN GHS classification; however, their applicability
domain is limited. They cannot be used for comprehen-
sive risk assessment ofchemical substances. For example,
the non-animal test method TGs for skin sensitization
and eye irritation can not be used on their own to eval-
uate these endpoints under the UN GHS. However,
Guideline 497 was issued in 2021 to describe a defined
approach that integrates non-animal TGs for skin sen-
sitization, enabling UN GHS classification (1 A: strong,
1B: weak, non-category). Similarly, TG467 on the defined
approach for serious eye damage and eye irritation allows
the classification of weak irritation (UN GHS category
2) by combining tests and enabling in silico evaluation
for non-eye irritants not classified under UN GHS [13].
Commercial software and OECD toolboxes are available
for in silico applications [21].

History of official non-animal test method formulation in
Japan

In Japan, Dr. Yasuo Ohno (NIHS), his colleagues, and
members of the Japan Cosmetic Industry Association
conducted a validation study of alternative methods for
eye irritation, which was funded by the Health Sciences
Research program of the Ministry of Health, Labour
and Welfare (MHLW) [22]. This study was the largest
validation study conducted in Japan. It was meticulously
planned and included animal experiments. However, the
study focused on cosmetic raw materials, lacked indepen-
dent peer review after validation, and was not accepted
by MHLW;, leading to the establishment of JaCVAM.

The Japanese Society of Alternative Methods for Ani-
mal Experiments (JSAAE) sponsored a validation study
led by Dr. Tadao Ohno (RIKEN BioResource Research
Center) and his colleagues, focusing on alternative meth-
ods for testing eye irritation [23]. This collaborative study
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involved over 50 participating institutions. Several stud-
ies presented cytotoxicity tests, which were meaningful
from the viewpoint of dissemination of the test methods;
however, the data sheet was incomplete, and biostatisti-
cal analysis took over a year. These challenges informed
improvements in subsequent validation studies.

Within the JSAAE, collaborative studies on skin irri-
tation models and alternative methods for eye irritation
tests were conducted. A validation committee was estab-
lished in response to the growing momentum to establish
rules for collaborative studies. Various validation studies
have been conducted to establish alternatives to skin cor-
rosion tests [24]. Validation studies for two skin sensiti-
zation tests, led by JSAAE, were conducted for the Local
Lymph Node Assay (LLNA)-Daicel (DA) developed by
Daicel Corporation and the LLNA: BrdU-ELISA devel-
oped by the Chemicals Evaluation and Research Institute,
officially established by the OECD in 2010 [25, 26]. These
validation results were independently reviewed by ICC-
VAM, which led to the establishment of OECD TG442A:
442 A: Skin Sensitization, LLNA: DA and TG442B: Skin
Sensitization, LLNA: BrdU-ELISA [12]. Without these
validation studies, the international debut of JaCVAM
and Japan would have been delayed by several years.
Moreover, the establishment of ICATM, supported by
validation centers in the United States and Europe, might
not have occurred.

JaCVAM was established in November 2005 to pro-
mote alternative methods to animal testing in regulatory
studies, adhering to the 3Rs principle wherever pos-
sible. It also fulfills the responsibility of the Center for
Biological Safety and Research in NIHS to protect the
general public by assessing the safety of chemicals and
other materials, as stipulated in the NIHS regulations.
JaCVAM activities are also beneficial for the application
and approval of the manufacture and sale of pharmaceu-
ticals and other products and contribute to the revision
of cosmetic product standards. To achieve this, JaCVAM
assesses the utility, limitations, and suitability of test
methods for regulatory studies to determine the safety
of chemicals and other materials and contributes to vali-
dation studies when necessary. Additionally, JaCVAM
cooperates and collaborates with similar organizations in
related fields in Japan and internationally.

As part of its mission for validation through interna-
tional co-operation, JaCVAM evaluates test methods
developed in Japan through validation studies of test
methods and independent peer review. This work has
led to the development of over 20 validation reports and
peer-reviewed reports, including those developed by
other countries or the OECD and supported by ICATM.

Japanese scientific societies also supports interna-
tional validation studies conducted via JaCVAM. The
MMS Study Group under the Japanese Environmental
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Table 2 Non-animal test methods approved by OECD TG
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Classification TG Title Names of Test method Published  Remarks
Genotoxicity 471 Bacterial Reverse Mutation Test Ames test 1983
472 In vitro Mammalian Chromosomal Aberration Test 1983
476 In vitro Mammalian Cell Gene Mutation Tests using the 1984
Hprt and xprt genes
487 In vitro Mammalian Cell Micronucleus Test 2010
490 In vitro Mammalian Cell Gene Mutation Tests Using the 2015
Thymidine Kinase Gene
Skin Corrosion 430 In vitro Skin Corrosion: Transcutaneous Electrical Resistance 2004
Test Method (TER)
431 In vitro Skin Corrosion: Reconstructed Human Epidermis EpiSkin™(VRM) 2004
(RHE) Test Method EpiDerm™ SIT (EPI200)(VRM) 2004
SkinEthic™ RHE 2004
epiCs® 2016
LabCyte 2019 JaCVAM
EPI-MODEL24 SCT
435 In vitro Membrane Barrier Test Method for Skin Corrosion  CORROSITEX 2006
Skin Irritation 439 In vitro Skin Irritation: Reconstructed human Epidermis Test — EpiSkin™(VRM) 2010
Method EpiDerm™ SIT (EPI200)(VRM) 2010
SkinEthic™ RHE 2010
LabCyte 2013 JaCVAM
EPI-MODEL24
SIT
epiCs® 2019
Skin+® 2019
KeraSkin™ SIT 2021
Serious Eye Damage 437 Bovine Corneal Opacity and Permeability Test Method for  Bovine Corneal Opacity and 2009
and Not Requiring Identifying (i) Chemicals Inducing Serious Eye Damage Permeability Test Method
Classification for Eye and (i) Chemicals Not Requiring Classification for Eye
Irritation or Serious Irritation or Serious Eye Damage
Eye Damage 438 Isolated Chicken Eye Test Method for Identifying (i) Chem- Isolated Chicken Eye Test Method 2009
icals Inducing Serious Eye Damage and (ii) Chemicals Not
Requiring Classification for Eye Irritation or Serious Eye
Damage
460 Fluorescein Leakage Test Method for Identifying Ocular Fluorescein Leakage Test Method 2012
Corrosives and Severe Irritants
491 Short Time Exposure In vitro Test Method for Identify- Short Time Exposure (STE) Test 2015 JaCVAM
ing (i) Chemicals Inducing Serious Eye Damage and (ii) Method
Chemicals Not Requiring Classification for Eye Irritation or
Serious Eye Damage
492 Reconstructed human Cornea-like Epithelium (RhCE) EpiOcular™ EIT(OCL-200) 2017
Test Method for Identifying Chemicals Not Requiring SkinEthic™ HCE EIT(HCE/S) 2017
Classification and Labelling for Eye Irritation or Serious LabCyte CORNEA-MODEL24EIT 2018 JaCVAM
Eye Damage MCTT HCETM EIT 2024
492B  Reconstructed Human Cornea-like Epithelium (RhCE) Test ~ SkinEthic™ RHE 2022
Method for Eye Hazard Identification
494 Vitrigel-Eye Irritancy Test Method for Identifying Chemi-  Vitrigel®-Eye Irritancy Test 2019 JaCVAM
cals Not Requiring Classification and Labelling for Eye
Irritation or Serious Eye Damage
496 In vitro Macromolecular Test Method for Identifying Ocular Irritection (OI°) 2019
Chemicals Inducing Serious Eye Damage and Chemicals  OptiSafe Eye Irritation Test™ 2024
Not Requiring Classification for Eye Irritation or Serious
Eye Damage
467 Defined Approaches for Serious Eye Damage and Eye 2022

Irritation
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Table 2 (continued)
Classification TG Title Names of Test method Published  Remarks
Skin Sensitisation 442 C  In chemico Skin Sensitisation assays addressing the Ad- DPRA 2015
verse Outcome Pathway key event on covalent binding ~ ADRA 2021 JaCVAM
to proteins KDPRA 2022
442D Invitro Skin Sensitisation assays addressing the Adverse  KeratinoSens 2015
Outcome Pathway Key Event on Keratinocyte activation | ySens 2022
EpiSensA 2024 JaCVAM
442E  Invitro Skin Sensitisation assays addressing the Key Event  h-CLAT 2016 JaCVAM
on activation of dendritic cells on the Adverse Outcome  |J-SENS™ 2018
Pathway for Skin Sensitisation IL-8 Luc assay 2017 JaCVAM
GARD 2023
497 Defined Approaches on Skin Sensitisation 2021
Immunotoxicity 444 A Invitro Immunotoxicity IL-2 Luc assay 2023 JaCVAM
Phototoxicity 432 In vitro 3T3 NRU Phototoxicity Test In vitro 3T3 NRU Test 2004
495 ROS (Reactive Oxygen Species) Assay for Photoreactivity =~ ROS assay 2019 JaCVAM
498 In vitro Phototoxicity - Reconstructed human Epidermis EpiDerm™ (EPI-200) 2021
Phototoxicity Test Method
Skin Absorption 428 Skin Absorption: In vitro Test Method 2004
Endocrine Disrupter 455 Performance-Based Test Guideline for Stably Transfected ~ STTA 2016 JaCVAM
Transactivation In vitro Assays to Detect Estrogen Recep-  vM7Luc ER TA assay 2016 JaCVAM
tor Agonists and Antagonists
456 H295R Steroidogenesis Assay 2011
457 BG1Luc Estrogen Receptor Transactivation Test 2012 Deleted
Method for Identifying Estrogen Receptor Agonists and on 29
Antagonists January
2018
458 Stably Transfected Human Androgen Receptor Tran- AR-EcoScreen™ 2016 Japan
scriptional Activation Assay for Detection of Androgenic  AR-CALUX® 2020
Agonist and Antagonist Activity of Chemicals ARTA method using the 22Rvi/ 2023
MMTV_GR-KO cell line
493 Performance-Based Test Guideline for Human Recombi-  The Freyberger-Wilson (FW) In 2018
nant Estrogen Receptor (hrER) In vitro Assays to Detect vitro Estrogen Receptor (ER) Bind-
Chemicals with ER Binding Affinity ing Assay Using a Full Length
Human Recombinant Era
The Chemical Evaluation and 2018 Japan

Research Institute (CERI) In vitro
Estrogen Receptor Binding Assay
Using a Human Recombinant
Ligand Binding Domain Protein

JaCVAM: The test methods which were validated by JaCVAM, Japan: The test methods which were approved by Japanese test develpers.

Mutagenesis Society (currently the Japanese Environ-
mental Mutagen and Genom Society), together with
ECVAM, ICCVAM, and the International Working
Group for Genotoxicity, supported various activities.
With contributions from Drs. Makoto Hayashi (NIHS)
and Yoshifumi Uno (Mitsubishi Tanabe Pharma Coop-
eration) and international institutional collaboration,
the protocol and validation report for the comet assay
focused on the stomach and intestine were internation-
ally agreed upon [2]. Consequently, TG489: In vivo mam-
malian alkaline comet assay was officially established in
2014 [13]. This process provided insights into organizing
validation teams and creating validation reports.
Successful international peer reviews rely on support
from ICCVAM. Thanks to ICCVAM peer reviews of the

LLNA-DA and LLNA: BrdU-ELISA and the Short Time
Exposure in vitro Test Method, JaCVAM was able to
submit these reports to the OECD. The OECD approved
these assays as TG442A, TG442B and TG491, and the
experience provided knowledge on organizing interna-
tional peer review accepted by the OECD.

Test developers of alternative methods are key play-
ers prior to method validation. As a first case validated
non-animal test method by JaCVAM, J-TEC Corpora-
tion made significant contributions in Japan. The Lab-
Cyte EPI-MODEL24 SIT (Skin Irritation Test) validation
studies weresupported by J-TEC Corporation. This test
is described in TG439, In vitro Skin Irritation: Recon-
structed human Epidermis (RhE) Test Method. EPI-
MODEL24 SCT (Skin Corrosion Test) was also validated
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Table 3 Animal test methods in OECD TG developed by Japan

TG Title Published  Remarks
441 Uterotrophic Bioassay in Rodents 2007
A Short-Term Screening Test for
Oestrogenic Properties
442 A Skin Sensitization, Local Lymph Node 2010 JaCVAM
Assay: DA
4428 Skin Sensitization, Local Lymph Node 2010 JaCVAM
Assay: BrdU-ELISA or -=FCM
489 In vivo Mammalian Alkaline Comet 2016 JaCVAM

Assay
JaCVAM: The test methods which were validated by JaCVAM

and approved in TG431, In vitro Skin Corrosion: Recon-
structed human Epidermis (RhE) Test Method.

Numerous test developers have contributed to eye irri-
tation testing. For example, TG491: Short Time Exposure
in vitro Test Method was developed by the Kao Corpora-
tion. J-TEC Corporation developed Test No. 492: Recon-
structed human Cornea-like Epithelium Test Method to
identify chemicals that do not require classification and
labeling for eye irritation or serious eye damage. LabCyte
CORNEA-MODEL24 EIT popularized the use of three-
dimensional models in Japan. Dr. TG494: The Vitrigel°-
Eye Irritancy Test Method for identifying chemicals not
requiring classification and labelling for eye irritation or
serious eye damage, developed by Toshikaki Takezawa
(The National Agricultural Research Organization) with
Kanto Chemical Co., Inc., evaluates eye irritation over a
short time period; the market for these tests is gradually
expanding [13].

Furthermore, alternative skin sensitization testing
methods have been developed in Japan. Starting with
the h-CLAT assay developed by Kao Corporation and
Shiseido Co., Ltd., various in chemico or in vitro Skin
Sensitization tests, such as IL-8 Luc assay, ADRA(the
Amino Acid Derivative Reactivity Assay), and EpisensA
were included in TG442C to TG442E, thereby increasing
Japan’s international presence in this field [13]. Based on
these foundations and the contribution of Drs. Setsuya
Aiba and Yutaka Kimura (Tohoku University), the world’s
first non-animal immunotoxicity assay was introduced:
TG444A In vitro immunotoxicity IL-2 Luc assay [13].

Efforts involving NIHS experts and test developers
have formalized: 16 OECD TGs including animal test
methods (Table 3), four major revisions to TGs related
to human health [13], and the International Council for
Harmonization of Technical Requirements for Pharma-
ceuticals for Human Use (ICH) guideline (S10 guideline
on Photosafety with Reactive Oxygen Species assay) [26].
The latter assay is now approved in the TG program. The
results, including validation reports and independent
peer review reports related to TGs, have been published
on the OECD and JaCVAM websites [16].
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Unfortunately, the Bhas 42 Cell Transformation Assay
could not be converted into a TG. Based on recom-
mendations from Dr. Noriho Tanaka (Hatano Research
Institute, Food and Drug Safety Center) and colleagues,
JaCVAM participated in the international validation
of this assay; however, the results were insufficient to
support the development of a TG for this method. The
assay remains limited to the OECD Series on Testing &
Assessment No. 231, the Guidance Document on the In
vitro Bhas 42 Cell Transformation Assay [2]. Dr. Kiyomi
Omori (Kanagawa Prefectural Institute of Public Health)
and colleagues are reattempting to establish a TG for this
assay.

The mission of JaCVAM is to evaluate the usefulness,
limitations and suitability of test methods used for regu-
latory safety assessment of chemicals and other materials
under the supervision of the JaCVAM Steering Commit-
tee. For this purpose, the JaCVAM Editorial Committee
examines validation reports, peer review panel reports,
and relevant background information, and shares these
findings with related organizations worldwide. More
than 40 JaCVAM-recommended test methods have been
approved for regulatory use by the JaCVAM Regulatory
Acceptance Board and they are submitted to MHLW.

Finally, the success of these 16 TGs cannot be solely
attributed to JaCVAM members. Each validation study
depended on the developers, while NIHS and interna-
tional experts evaluated the results to ensure regulatory
acceptance. Reflecting on each validation study, priori-
tizing the acceptance of Japanese TG within the OECD
sometimes led to the dismissal of the developers’ per-
spective. Hence, the words and actions of international
and OECD experts may have inadvertently offended
some developers, because they have a concern that their
published papers and its dataset on the test methods may
be futile to be major modified the protocol by the valida-
tion studies.

On the other hand, needs for non-animal test meth-
ods are increasing from international organizations other
than the OECD. JaCVAM is now conducting validation
studies on skin irritation test methods with LabCyte
EPI-MODEL 24 SIT (J-TEC Cooperation) for medi-
cal devices, MylcMAT, non-animal test methods for the
pyrogenicity assay (MiCAN Technologies, Inc.) in Japa-
nese Pharmacopeia.

Additionally, several validated methods, such as SIRC-
CVS(Cristal Violet Staining) for eye irritation, the Bovine
Corneal Opacity and Permeability Test Method with
histopathological examination for eye irritation, Recon-
structed human Skin Model, EPiTRI for in vitro skin irri-
tation test, LbL-3D Skin SIT, Handl Luc EST (Embryo
Stem cell Test) for Developmental and Reproductive
Toxicity, and IL-1a Luc assay for in vitro Immunotoxic-
ity Test, have yet to be accepted within the OECD TG
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program [12]. We apologize to the developers of these
methods. Despite the challenges and failures mentioned
above, these experiences should hopefully continue.

Conclusion

In response to requests from international organizations
other than the OECD, more methods from Japan will
contribute to the development of new approach method-
ologies for systemic toxicity tests worldwide.
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