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Animal testing was used traditionally in the cosmetics industry to confirm product safety, but has begun to
be banned; alternative methods to replace animal experiments are either in development, or are being vali-
dated, worldwide. Research data related to test substances are critical for developing novel alternative
tests. Moreover, safety information on cosmetic materials has neither been collected in a database nor
shared among researchers. Therefore, it is imperative to build and share a database of safety information
on toxicological mechanisms and pathways collected through in vivo, in vitro, and in silico methods. We
developed the CAMSEC database (named after the research team; the Consortium of Alternative Methods
for Safety Evaluation of Cosmetics) to fulfill this purpose. On the same website, our aim is to provide
updates on current alternative research methods in Korea. The database will not be used directly to con-
duct safety evaluations, but researchers or regulatory individuals can use it to facilitate their work in for-
mulating safety evaluations for cosmetic materials. We hope this database will help establish new

alternative research methods to conduct efficient safety evaluations of cosmetic materials.
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INTRODUCTION

It is undeniable that animal research has significantly
contributed to evaluating the safety and efficacy of chemi-
cals (1). However, animal testing has recently come under
criticism from consumers and animal rights groups. There-
fore, novel validated alternatives to animal testing must be
established following the 3R approach (replacement, reduc-
tion, and refinement) and should be regulated and regis-
tered (2). Bans on acute and repeated-dose animal tests are
currently being enforced in many industries, including cos-
metics, and alternative methods are of interest to research-
ers in Korea and worldwide (3,4). Many in vitro and in
silico methods have been suggested to replace existing in
vivo animal tests (2). Some examples of alternative meth-
ods of cosmetics testing include the human corneal epithe-
lium model for eye irritation and the reconstructed human
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epidermis test for skin irritation (5).

Proposed alternative methods must be validated accord-
ing to rigorous validation procedures (6). Validating alterna-
tive methods that are highly correlated with animal tests is
difficult. Furthermore, it is necessary to include various
compounds as positive and negative controls to validate an
in vitro test with the purpose of replacing an in vivo test (7)
and the results from in vivo animal tests are required for use
as references. In addition, information on the physical and
chemical properties of compounds is essential to effec-
tively use in silico tools. As such, large amounts of data
must be stored, saved, and retrieved safely and efficiently
after being consolidated in a database.

The European Union Reference Laboratory for alterna-
tives to animal testing (EURL-ECVAM) is an institute spe-
cialized in validating alternative methods to animal testing.
EURL-ECVAM accumulated data and provided the public
ECVAM Database Service on Alternative Methods to Ani-
mal Experimentation (DB-ALM) (8). This service provides
information relevant to the development and application of
alternative techniques, including methodology, project type,
compound and test results, authors and institutions, and ref-
erences. It is not limited to cosmetic testing, but can also be
used for biomedical sciences and toxicology research and
regulations.

Since compounds used or tested in modern cosmetics are
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either relatively safe or less irritating than the alternatives
(9), cosmetic testing has been included in the first group of
industries in which animal tests are being banned. Cosmet-
ics are important export products in South Korea and
Korean cosmetic brands are gaining prominence in the
global market (10). The Consortium of Alternative Meth-
ods for Safety Evaluations of Cosmetics (CAMSEC) was a
research group working toward developing and validating
alternative methods for cosmetics safety evaluations; the
group was funded by the Korean Ministry of Food and
Drug Safety (KMFDS).

We have built a database of alternative methods for cos-
metics safety evaluations, the integrated CAMSEC data-
base, available at http://camsec.kr/. The EURL-EVACM
and CAMSEC databases share the same goal of promoting
the development and dissemination of alternative methods
and approaches; furthermore, the databases are both appli-
cable to industry and accepted by regulators. Compared to
the EURL-EVCAM database, the CAMSEC database 1is
more tailored to cosmetic safety testing and provides more
information, including animal test data. Comiskey et al.
(11) developed a similar novel database focusing on expo-
sure to fragrance ingredients in cosmetics and personal care
products.

The objective of CAMSEC database was to provide sys-
temic information on (a) test compounds, (b) the safety
evaluation results of compounds from animal and alterna-
tive tests, (c) the mechanisms, methodologies, and reliabil-
ity of available alternative methods, and (d) integrated
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testing strategies in the form of a web-based database to
facilitate research on alternative methods and their valida-
tion processes.

MATERIALS AND METHODS

We used Linux CentOS as the operating system and
Structured Query Language (MySQL) as the database man-
agement system. The system runs online and Hypertext Pre-
processor (PHP) and JavaScript are used as the web
programming languages. The major principle guiding the
system is maintenance of free and open access to data such
that the entire contents of the CAMSEC database are acces-
sible to registered users.

The first step of building the CAMSEC database started
with defining the database structures and the inter-database
relationships. A brief entity-relationship diagram of the
CAMSEC database is presented in Fig. 1. The diagram
explains two different aspects of database access: users and
system administrator. Users can search the database and use
the results. If users cannot find the desired chemical infor-
mation, they can submit ‘new test substance forms’ and
request an update. Four forms are available via which to
request chemical information, alternative methods informa-
tion, animal toxicology information, and chemical efficacy
information. While data can be gathered and submitted by
any registered user via these forms, new data can only be
registered by a group of regulators designated by the CAM-
SEC research team (to ensure its reliability).
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Fig. 1. The E-R (Entity-Relationship) diagram of CAMSEC database.
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Table 1. Source of collected data

Category Institute Web address
ECVAM (EU) ecvam.jre.it
ICCVAM (USA) iccvam.niehs.nih.gov
Validation Authorities of ZEBET (Germany) Www.bf'r.bund.de/en/zebet-S8194.htm1
Alternative Methods JaCVAM (Japan) Jacvam.p
NKCA (Netherland) www.nkca.nl
NC3Rs (UK) www.nc3rs.org.uk
ICATM (International) iccvam.niehs.nih.gov/about/icatm.htm
ECOPA (EU) Www.ecopa.eu
. 3R Research Foundation (Swiss) www.forschung3r.ch/en/news/ index.html
Research Institutes of
Alternative Methods Norecopa (Norway) WWW.norecopa.no
CARDAM (Belgium) www.cardam.eu
IIVS (USA) www.iivs.org
Axiogenesis www.axiogenesis.com
CeeTox www.ceetox.com
Cellectis www.cellartis.com
Celsis www.invitrotech.com
Research Companies of MB Research Labs www.mbresearch.com
Alternative Researches GE Healthcare www.gelifesciences.com
Cellular Dynamics www.cellulardynamics.com
Epithelix Sarl www.epithelix.com
Johnson & Johnson WWW.jnj.com
Unilever www.unilever.com
Research Consortium of EPAA ec.europa.eu/enterprise/epaa/index_en.htm
Alternative Methods Human Toxicology Project Consortium htpconsortium.org
WCAA
. . EUSAAT www.eusaat.org
International Society JSAAE www.asas.or.jp/jsaae/e_aboutjsaae.html
SOT www.toxicology.org
CAAT caat.jhsph.edu
Altweb altweb.jhsph.edu
Infra of Alternative AltTox alttox.org
Methods FRAME www.frame.org.uk
UC Davis Center for Animal Alternatives www.lib.ucdavis.edu/dept/animalalternatives
EURCA WWW.eurca.org
InterNICHE www.interniche.org/en

Next step was to fill the database with various informa-
tion. Information on alternative methods was collected from
various institutions, including validation authorities and
commercial product providers (Table 1). However, the data
were collected solely from scientific references and are not
the property of the CAMSEC research team.

RESULTS

The development of the database system was completed
at the end of 2015 and its ownership was transferred to
KMFDS. KMFDS started the second campaign to develop
alternative methods in 2016 and will continue to update the
CAMSEC database. At the end of 2015, the CAMSEC
database provided information on 396 substances, 18 alter-
native methods, 7 animal test methods, and 38 functional

categories.

The content of the CAMSEC database can be classified
into four categories: chemical information (Table 2), alter-
native methods information (Table 3), animal toxicology
information, and chemical efficacy information (Table 4).
This information is available in English and Korean at http://
camsec.kr/dbsearch/pagel.htm. In the left column of the
webpage, there are five sub-menus: Chemical Info, Alterna-
tive Method Info, Animal Tox Info, Chemical Efficacy Info,
and OSAR Search (Fig. 2). Moreover, information is listed in
alphabetical order and is available in Korean and English.

Chemical information is available under Substance Infor-
mation and includes information on chemical indexing,
chemical efficacy, animal toxicity, alternative methods, and
physicochemical characteristics (Fig. 3). Using chemical
names is a poor indexing method of chemical compounds,
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Table 2. Establishment of chemical information

Information category

Contents

Chemical Identity

CAS No., EINECS No., Chemical Name (Korean, English), Synonymous Name, and their References

Chemical Efficacy Information Categories and its Subclasses
Chemical Toxicity Information ~ Animal Toxicity Results, Alternative toxicity Results
Chemical Physical Condition Color, Odor, Molecular weight, Molecular formula (Normal), Molecular formula (SMILES), Boiling

Point, Freezing Point, Melting point, Vapor density, Vapor density measured temperature, Specific
gravity (water-1), Specific gravity measured temperature, Solubility, pH, Volatile, Odor threshold,
Evaporation rate, Viscosity, Viscosity measured temperature, Octanol-water partition coefficient, Solu-
bility, Chemical structure, Other information, and their References

Table 3. Establishment of alternative method information

Areas Alternative methods to animal tests
* Fixed Dose Procedure for Acute Oral Toxicity Testing (OECD guideline 420; Dec 2001)
Single Dose Toxicity + Acute Toxic Class Method for Acute Oral Toxicity Testing (OECD guideline No. 423; Dec 2001)

 Up-and-Down Procedure for Acute Oral Toxicity Testing (OECD guideline 425; Dec 2001)

Eye Irritation

» The Bovine Corneal Opacity and Permeability (BCOP) Test Method for Identifying Ocular Corrosives and

Severe Irritants (OECD guideline 437; Sep 2009)

Isolated Chicken Eye (ICE) Test Method for Identifying Ocular Corrosives and Severe Irritants (OECD

guideline 438; Sep 2009)

» The Porcine Corneal Opacity and Permeability (PCOP) Test Method

* Human Corneal Epithelim (HCE) Model - MatTek EpiOcular, Labcyte Cornea Model, MCTT HCE Model
etc.

* Hen’s Egg Test-Chorioallantoic Membrane (HET-CAM) Assay

Fluorescein leakage (FL) method (OECD guideline 460; Oct 2012)

Skin Corrosion
and Irritation

In Vitro Skin Corrosion: Rat Transcutaneous Electrical Resistance Test (TER) (OECD guideline 430; Apr
2004)

In Vitro Skin Corrosion: Human Skin Model Test) (OECD guideline 431; Apr 2004)

In Vitro Skin Corrosion: Human Skin Model Test - SkinEthic EpiSkin™, MatTek EpiDerm™ (OECD guide-
line 431; Apr 2004)

* In Vitro Membrane Barrier Test Method for Skin Corrosion (OECD guideline 435; July 2006)

+ In Vitro Skin Irritation: Reconstructed Human Epidermis Test Method - SkinEthic EpiSkin™, MatTek Epi-
Derm™, MCTT KeraSkin™-VM Model (OECD guideline 439; July 2010)

Skin Sensitization

+ Skin Sensitization: Local Lymph Node Assay (LLNA) (OECD guideline 429; Apr 2002)

+ Skin Sensitization: Local Lymph Node Assay (LLNA): BrdU - ELISA (OECD guideline 442B; July 2010)
« Skin Sensitization: Local Lymph Node Assay (LLNA): BrdU - FCM

* Skin Sensitization: Local Lymph Node Assay (LLNA): DA (OECD guideline 442A; July 2010)

+ Skin Sensitization: Keratinocyte Model - HEL-30, HaCaT

+ Skin Sensitization: RHE Model - MCTT

+ KeraSkin™-VM Model

In Vitro 3T3 NRU Phototoxicity Test (OECD guideline 432; Apr 2004)

Phototoxicity * Photohemolysis
* Reactive Oxygen Species (ROS) method
Photosensitization * Photosensitiztion: Keratinocyte Model - HaCaT
Skin Absorption + Skin Absorption: In Vitro Method (OECD guideline 428; Apr 2004)

Oral Mucosal Irritation

+ Reconstructed Human Oral Epithelium (HOE) Model - MatTek EpiOral™, SkinEthics HOE, MCTT HOE

so CAS numbers are used instead to provide a better pri-
mary indexing method for the database. Chemical mixtures
have not been included; therefore, individual compounds
are indexed separately. All toxicological information from
animal tests and alternative methods in the CAMSEC data-

base for a given chemical are retrieved and listed, and a link
to each toxicological test is provided. Physicochemical
characteristics are useful parameters for quantitative struc-
ture-activity relationship (QSAR) program data (12). In the
OSAR Search sub-menu, a summary of the information
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Efficacy category Sub-category

Cosmeceuticals Anti-wrinkle agents, Whitening agents, Sunblock agents

Oily materials Oils and fats, wax esters, etc.

Surfactants Anionic surfactants, Cationic surfactants, Amphoteric surfactants, Nonionic surfactants, etc.
Polymers Thickening agents, Film formers, etc.

Antiseptic agents
Ultraviolet absorbents

Others

Disinfectant, germicide, Antimicrobial agents, etc.
Benzophenone derivatives, p-Aminobenzoic acid derivatives, Salicylic acid derivatives, etc.
Fragrance agents, Dye, Sequestering agents, Antioxidants, Humectants, and the Others

Alternatives DB Alternatives DB Alternatives DB Alternatives DB

Altemnatives DB Altenatives DB Alternatives DB Altemnatives DB

New substances registration New substances registration New substances registration New substances registration

QSAR information QSAR information QSAR information QSAR information

Substance Infornations(396) | 2  Substance Infomations(396) [ Substance Infomations(396)} 21 Substance Infomations(396)
4 Altenatives information E Alternatives information 4 Altemnatives information % Alternatives information
7 Animal tox results & Animal tox results ﬂ Animal tox results ¥ Animal tox results
(J Efficacy information Efficacy information (7 Efficacy information Efficacy information
[&  Information to search toolbox Information to search toolbox [Z]  Information to search toolbox [&  Information to search toolbox
OECD guideline OECD guideline OECD guideline OECD guideline
E Additional DB E Additional DB E Additional DB E Additional DB
“ for oloacity U single Dose Oral Tox, Y sunscreen 2
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o 0 .  Single Dose Dermal Tox, 5  Exfoliation =
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Fig. 2. Snapshot of CAMSEC database for the data lists for each information category.

available on the indexed chemical is provided, including
boiling point, freezing point, melting point, specific grav-
ity, water solubility, viscosity, and water/octanol partition
coefficient.

Alternative methods information (Fig. 4) and animal toxi-
cological information have been classified into eight cate-
gories: single dose toxicity, eye irritation, skin corrosion
and irritation, skin sensitization, phototoxicity, photosensiti-
zation, skin absorption, and oral mucosal irritation. These

are the same categories that are used in conventional cos-
metics safety tests based on animal experiments for which
the CAMSEC database aims to develop non-animal meth-
ods. All methods have been developed and validated
recently. Information on conventional animal toxicity tests
is also provided so that the results of alternative methods
can be compared to those of conventional animal toxicity
tests. For each method, basic information is provided under
the following sections: Background, Purpose, Toxicology
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Fig. 3. Snapshot of CAMSEC database for chemical information.

mechanisms/Toxicology path, Test method, Test criteria, and
References. For binary (positive or negative) results, refer-
ence chemicals are listed for the results of each validation
process. Each chemical has a link that connects to its own
chemical information page.

Chemical efficacy has been categorized into seven groups:
cosmeceuticals, oily materials, surfactants, polymers, anti-

septic agents, ultraviolet absorbents, and others (Table 4).
This information has been further divided into 12 subcatego-
ries: sunscreen, exfoliation, peeling agent, denaturing agent,
germicide, solvent, emulsifying agent, antistatic agent, syn-
thetic resin, antiseptic/antimicrobial agent, dyeing agent,
and flavoring agent. This information is unique and import-
ant to cosmetic testing. On the website, each group can be
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Fig. 4. Snapshot of CAMSEC database for alternative method information.

selected to display a list of chemicals with that property that
have been tested and reported on in the literature.

The data sources have been categorized into five groups:
validation authorities for alternative methods, research insti-
tutes employing alternative methods, research companies
pursuing alternative research, international research consor-
tiums using alternative methods, and infra of alternative
methods (Table 1). As all alternative methods must be vali-
dated to be formally adopted by Korean and international
regulatory authorities, validation authorities must have access
to newly developed alternative methods and are expected to
provide some guidelines on validation processes.

DISCUSSION

The CAMSEC research team consisted of three groups.
Groups 1 and 2 developed new alternative methods, while
Group 3 coordinated the validation processes, from the
selection of test chemicals to inter-laboratory appraisal, and
developed the database by collating all of the information
that was provided to the other groups, and the information
that the other groups created themselves during their stud-
ies. Each group worked closely from the early stages of
alternative methods development to achieve data validation
as soon as possible. Herein, we briefly describe those pro-
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cesses and how the CAMSEC database facilitated the devel-
opment, validation, and collection of unique data. The actual
products that underwent this process are exemplified by
KeraSkin™-VM, a novel, reconstructed human epidermis
model for skin irritation tests (13) and LLNA:BrdU-FCM, a
new non-radioisotopic local lymph node assay for skin sen-
sitization tests (14). The process began with the develop-
ment team working to provide a stable, alternative in vitro
model for a certain test, such as a skin irritation test. Once
complete, the validation group selected the test chemicals
and provided them to the development group. Some estab-
lished methods, such as OECD TG429, specify which
chemical should be tested. The validation group entered the
chemical information and animal test results into the data-
base, which was used by the development group (who
required access to any new information not already in the
database). After completing intra- and inter-laboratory
reproducibility tests, all results were archived in the CAM-
SEC database.

The CAMSEC database contains physical and chemical
information on compounds tested for use in cosmetics. These
data are an essential element of the structural information
that informs QSAR tools, which represent an important
branch of alternative methods and an important component
of the integrated testing strategy (ITS). The CAMSEC data-
base provides a link for each compound that connects users
to this summarized information. In addition, the CAMSEC
database homepage contains guides to several QSAR tools,
including the OECD Toolbox and EPA TEST, in both writ-
ten and video formats. This information is available at http://
camsec.kr/dbsearch/gsar.htm. The ITS requires use all types
of information, from physicochemical characteristics to in
vitro, in vitro, and in silico test results (15,16). The CAM-
SEC database provides all the necessary information and
will ultimately be able to inform ITS tools for eye irrita-
tion, skin corrosion and irritation, skin sensitization, and
phototoxicity tests.

The CAMSEC database has been designed to share and
exchange alternative methods data within the cosmetic test-
ing community. Although this service focuses on cosmetics
safety evaluations, most of the data can be applied to alter-
native methods in other areas. Another feature of the CAM-
SEC database is the integrated search function over all
information categories, a feature that distinguishes it from
other alternative method databases such as ECVAC DB-
ALT. Eventually, user interactions and feedback are expected
to improve the utility and functionality of the database.

The advantages of this endeavor are the specificity and
practicality of the collected data. Data on cosmetics safety
evaluations are systemically categorized based on test chemi-
cals, method type (animal or alternative), toxicity informa-
tion, and efficacy. By narrowing the scope of the CAMSEC
database to cosmetics safety tests, we obtained and, as the
first group, fully used, the data for our own studies. These

strengths could also be considered limitations by research-
ers pursuing different goals. For now, it is expected that the
main users of the CAMSEC website will be Korean research-
ers and, except for the database search engine, its contents
are available only in Korean. Additional language support
will be provided in the future.
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