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ABSTRACT — The Organisation for Economic Co-operation and Development (OECD) Test Guide-
line (TG) 439 is an in vitro test method of reconstructed human epidermis (RhE), which was developed
for hazard identification of irritating chemicals in accordance with a primary skin irritation test using rab-
bits with 4-hr exposure. A regulation for quasi-drugs in Japan requires data from primary skin irritation
tests using rabbits to undergo 24-hr exposure, and this is used as an evidence for 24-hr closed patch tests
in humans. In this study with the same chemicals, primary skin irritation test data using rabbits undergo-
ing 24-hr exposure and a 24-hr occlusive human patch test data were analyzed by comparing the results
obtained with four test methods adopted in OECD TG 439. The performances of in vitro test methods
showed a positive predictive value of 72.7-85.7% to predict the results of 24-hr primary rabbit skin irri-
tation test knowing that its positive predictive value was 57.1% against humans only. The prediction fac-
tors of in vitro test methods were higher for the human patch test data with a sensitivity reaching 60 to
80%. Three surfactants gave false negatives in some of the RhE methods evaluated with the human patch
test, but in each case, they were correctly classified as positive when evaluated at double concentration.
Therefore, the approach of setting the margin to 2 was effective in eliminating false negatives. This sug-
gests that in vitro test methods are useful for assessing skin irritation potential without animal testing for
the application of quasi-drugs in Japan.

Key words: Skin irritation, 24-hr Human patch test, Reconstructed human epidermis, OECD TG 439,
In vitro, Quasi-drugs
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INTRODUCTION

Skin irritation is an essential toxicological endpoint
in assessing a cosmetic’s safety. The rabbit-based Draize
method (Draize ef al., 1944) has been developed and used
for assessment of skin irritation, but several test condi-
tions have been established for different purposes. Test
methods for 4-hr exposure in rabbits, which are defined
in OECD TG 404 (OECD, 2015a) are used when eval-
uating the hazards of chemicals and classifying the tox-
ic effects according to United Nations (UN) Globally
Harmonized System of Classification and Labelling of
Chemicals (GHS) categories. When evaluating the safe-
ty of intentional applications to the skin on a daily basis,
such as quasi-drugs, a 24-hr exposure study is required in
Japan. In the safety data for quasi-drugs, primary skin irri-
tation after 24-hr exposure in rabbits has been evaluated,
and a 24-hr patch test with humans has been established
after weak skin irritation was confirmed in animal studies
(Japan Cosmetic Industry Association, 2015) (Guidebook
for Quasi-drugs Application, 2017).

With regard to cosmetics, animal experiments were
banned in the European Union in 2013 due to the growing
movement for animal welfare, substituting by evaluations
using alternative methods. As an alternative to the testing
of skin irritation on animals, the OECD TG 439 using the
reconstructed human epidermis (RhE) test methods was
approved in 2010 and subsequently revised in 2013 and
2015 with the additional epidermis test methods (OECD,
2015b). This approach has been developed as a stand-
alone alternative to OECD TG 404 for the assessment
of chemical hazards and can be used to predict irritation
above UN GHS category 2 in a 4-hr rabbit test.

Since it has been reported that skin reactions increase
with prolonged exposure (Cruzan et al., 1986; Gilman et
al., 1978), it was speculated that the test methods adopt-
ed in OECD TG 439 might not sufficiently sensitive to
predict the results of a primary skin irritation study with
24-hr exposure using rabbits as required in the applica-
tion for quasi-drugs.

In Japan, the Review Committee on the Proposed
Application of Data on the Safety of Quasi-drugs for
Manufacturing Approval Applications was organized
between 2007 and 2009, and the use of alternatives in
the application for marketing approval for quasi-drugs
was considered. However, it was concluded that as a pri-
mary skin irritation assessment for quasi-drugs applica-
tion dossiers, it is not sufficiently predictable to use the
alternatives recommended at the moment (MHLW Grants
System, 2011), but it is preferable to use the alterna-
tives from the standpoint of animal welfare. Judgment on
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whether to use animal experiments or alternatives should
be left to the applicant. Even if a test chemical has been
identified as not classified using alternative methods,
human patch testing is required for confirmation. Thus,
some ethical consideration should be addressed.

As a result, OECD TG 439 has not been applied as
a standalone for the assessment of skin irritation in the
application for attaining marketing approval for quasi-
drugs in Japan.

On the other hand, there are few data that sufficient-
ly examine the predictability of the test methods adopt-
ed in OECD TG 439 for the results of primary skin irri-
tation test and human patch test with 24-hr exposure as
test samples. Imai et al. has been evaluated the correla-
tion between the in vitro OECD TG 439 test method, Epi-
Derm™ SIT (EPI-200) and primary skin irritation tests of
24-hr exposure in rabbits using the same test chemicals
as in this report (Imai et al., 2018). It is important to note
that only one adopted RhE test method was evaluated and
no correlations were investigated with human patch tests.
Therefore, the irritation potential of some ingredients was
evaluated according to the four OECD TG 439 test meth-
ods and compared with the results of a primary skin irri-
tation test and a 24-hr human occlusive patch test. In this
study, using in vitro methods listed in OECD TG 439, the
correlation of in vivo (24-hr exposure, rabbits, humans)
and in vitro were evaluated and the usefulness of the in
vitro test as a prediction method for the 24-hr human
patch test was examined.

MATERIALS AND METHODS

Chemicals

The test chemicals used for assessment are ingredi-
ents used in cosmetics. Table 1 shows the Internation-
al Nomenclature of Cosmetic Ingredients (INCI) names
of the test chemicals and their characterization, i.e., the
degree of lipophilicity categories of the chemicals, CAS
Registration Number, Log Kow values, obtained as pre-
dicted values using EPI Suite™ (ver.4.1) as well as the
supplier’s details of each chemicals being tested using the
four RhE test methods. Test chemicals with Log Kow >
3.5 are judged as oil soluble chemicals. Characteristics of
the 40 test chemicals are shown in Table 2, summarizing
their physical categories and their corresponding in vivo
irritancy potential. The test chemicals included 12 sur-
factants and 23 oils, representing respectively 30% and
58% of the test set. The remaining 5 test chemicals were
acids, polymers, and powders. Irritation categories were
also widely distributed from none to severe scores.
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Table 2. Categorization by physical properties and irritancy of test chemicals

Irritation Category

Major classification - No. of chemicals ratio
severe moderate mildly none

Surfactant 5 4 2 1 12 30%
Acid 0 0 1 0 1 3%
Oil 1 6 15 1 23 58%
Polymer 0 0 0 2 2 5%
Powder 0 0 0 2 2 5%

6 10 18 6 40 100%

Irritant: 16 Non-Irritant:24 40 100%

Irritation was classified as follows based on the Draize score (Rabbits, 24 hr).

none (0), mild irritant (> 0 but < 2), moderate irritant (> 2 but < 5), severe irritant (>5 but < 8)

The existing in vivo dataset
Preparation of dataset for primary skin irritation test

The primary skin irritation test dataset is shown in
Table 3. In this study, the results of previously existing
primary skin irritation tests with 24-hr rabbit exposure
were used in the interest of animal welfare. Data that had
been produced and stored in companies were collected
upon request of the Japan Cosmetic Industry Association
(JCIA) and used as the in vivo dataset. No in vivo data
were generated for this review, as historical data were
considered as such. Therefore, information such as man-
ufacturer names and trade names was treated as confiden-
tial and the reports remained unavailable upon request.
However, the method is briefly described below (Draize,
1959).

In the primary skin irritation test, the test chemical was
applied to rabbits (n = 3-6) for 24 hr (0.5 mL or 0.5 g/
6 cm?), it was removed, and erythema (score 0-4) and ede-
ma (score 0-4) were macroscopically determined at 24 and
72 hr after application. All data were obtained by apply-
ing test samples to intact skin, summing up the score for
each animal, and dividing the score by the number of ani-
mals and the number of reading to obtain a mean score
(Primary Irritation Indices: P.I.1.). The results were classi-
fied according to the P.I.I. values as an irritant (I) if they
exceeded 2, a non-irritant (NI) if they are equal or less (<)
than 2. The P.I.1. and irritation potential (class) for each
test chemical are presented in Table 3. In the primary skin
irritation test, 16 irritant chemicals and 24 non-irritant
chemicals were used.

The test results were also classified according to the
category of irritant values (none (0), mild (0 < P.LI. <
2), moderate (2 < P.I.I. <5), and severe (5 < P.LI. < 8).
Datasets were characterized by substance category (sur-
factant, acid, polymer, oil) and stimulus intensity (Table
2).

The existing dataset for human 24-hr closed patch testing

In this study, the results from human patch tests were
obtained and compiled by the JCIA for the same INCI
chemicals as those from the primary skin irritation test.
No in vivo data were generated for this review, as his-
torical data were considered as such. For 31 test chemi-
cals, 24-hr human occlusive patch test data were collected
from companies affiliated with the JCIA. Human stud-
ies were conducted in accordance with the Declaration
of Helsinki (World Medical Association Declaration of
Helsinki-Ethical Principles for Medical Research Involv-
ing Human Subjects) after review by each company’s eth-
ics council. The number of datasets was 31 instead of
40 data for the primary skin irritation test, as human stud-
ies were not conducted when primary skin irritation tests
revealed more than a moderate irritation effect. In addi-
tion, for similar reasons, test chemicals were occasional-
ly found to be tested at lower concentrations than in the
primary skin irritation test with rabbits. Similarly, to the
in vivo primary skin irritation test dataset, manufacturer
names and trade names were treated as confidential and
were not disclosed.

In human patch tests, 31-55 healthy adult subjects were
used to apply the test sample under occlusion for 24 hr,
and test samples were judged by Japanese criteria (6-point
evaluation; -, £, +, ++, +++, ++++) 1-3 hr after adhesive
removal (Kawamura et al., 1970). Adhesive plasters used
were either Finn Chambers (¢ = 8 mm) or Torii-Patch test
adhesive plasters (small). Irritation indices were deter-
mined by dividing the number of positive subjects (+ or
higher score) by the number of test subjects and by the
irritation index based on test subjects’ readings in accord-
ance with the method of Sugai (Sugai, 1995) (Table 3).
Sugai’s Irritation Indices (S.1.1.) were calculated by giv-
ing each of the judgments a rating score (-: 0, +: 0.5, +:
1, +++: 2, +++: 3, ++++: 4), summing the scores of the
subjects, dividing the score by the number of subjects,
and multiplying by 100. Sugai classified irritant indi-
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ces of 5 or less as “safe products”, 5-15 as “acceptable”,
15-30 as “requiring improvement”, and +30 as “risk prod-
ucts”. In the human patch test, there is no general crite-
rion that indicates the presence or absence of irritation,
so in this study, an S.I.I. of 30 or more is regarded as an
irritant (I), and an S.I.I. of less than 30 is regarded as a
non-irritant (NI). These criteria were decided by referring
to the opinion of the dermatologist on the S.I.I., in order
not to apply any irritant to subjects, from an ethical view
point.

In vitro evaluation by OECD TG 439 test methods

In vitro skin irritation test methods assess skin irrita-
tion potential by measuring the viability of the epider-
mal cells of an RhE model upon application of the test
chemical, which diffuses through the stratum corneum
and penetrates into the epidermal layer. The tested chem-
icals can be distinguished as an irritant (classified as UN
GHS category 2) if the viability of epidermal cells meas-
ured by 3-(4,5-Dimethylthiazol-2-yl)- 2,5-diphenyltetra-
zolium bromide (MTT) is 50% or less, or as a non-irri-
tant if it is greater than 50% (UN GHS No category). The
current study was carried out on the commercially avail-
able RhE models (EpiSkin™ SM, SkinEthic™ RHE, Epi-
Derm EPI-200, and LabCyte EPI-MODEL24) with a pro-
tocol respectively defined that differ for example in the
volume and the duration of the application of test chem-
icals (EpiSkin™, 2018; EpiDerm™, 2009; SkinEthic™,
2018; LabCyte, 2011).

Regarding in vitro data, the providers/developers
of the test methods performed the testing according to
OECD TG 439 protocols. Reagents were purchased and
tests were conducted by L’Oréal Research & Innovation
for EpiSkin™ SIT and SkinEthic™ RHE SIT (hereinafter
abbreviated as SkinEthic™SIT), Kurabo Industries Ltd.

Table 4-1. Contingency table for in vivo results.

2x2 contingency table and predictive capacity for in vivo (rabbit)

for EpiDerm™ SIT (EPI-200) (hereinafter abbreviated as
EpiDerm™SIT), and Japan Tissue Engineering Co., Ltd.
for LabCyte EPI-MODEL24 SIT (hereinafter abbreviat-
ed as LabCyte SIT). The applied concentration and vehi-
cle for test samples were based on the available data (pri-
mary skin irritation test and human patch test).

RESULTS

Correlation between in vivo studies

Data from the primary skin irritation test and human
patch test are shown in Table 3. Of the test chemicals
of which primary skin irritation test data (40 chemicals)
and human patch test data (31 chemicals) were availa-
ble, 23 chemicals were found to have been tested at the
same concentration both in a primary skin irritation test
and in the patch test, and 9 were tested at different con-
centrations. For four of the surfactants [1% Cetylpyrid-
inium Chloride (#31), 1% Sodium Lauryl Sulfate (#38),
1% Lauryl Betaine (#39), and 1% Lautrimonium Chlo-
ride (#40)], human skin reactions were extrapolated to
be positive at the same concentration as in the primary
skin irritation test because the results of the human patch
tests were positive at lower concentrations than in the pri-
mary skin irritation test on the rabbits. Predicted results
for these chemicals were added to Table 3 in brack-
ets. This resulted in 26 test samples whose results could
be compared to the results of the primary skin irritation
test and human patch test. Tables 4-1 through 4-4 show
the concordance of the results of the primary skin irrita-
tion test in rabbits, the human patch test, and the in vitro
assessment using the RhE models. Assessments were
organized in a 2 x 2-contingency table and then sensitiv-
ity, specificity and accuracy were calculated according to
the ECVAM SIVS study (Balls ef al., 1990; Spielmann

in vivo (rabbit) sensitivity 100.0% (4/4)
1 NI P specificity 86.4% (19/22)
in vivo 1 (4)* 0 (4)* accuracy 84.6% (22/26)
(human) NI 3 19 22 PPV 57.1% (4/7)
z 7 19 26 NPV 100% (19/19)

*:prediction

sensitivity: number of irritants correctly classified / total number of irritants

specificity: number of non-irritants correctly classified / total number of non-irritants

accuracy: number of correctly classified irritants and non-irritants / total number of substances

PPV (positive predictive value): number of irritants correctly classified / total number of substances predicted as irritants

NPV (negative predictive value): number of non-irritants correctly classified / total number of substances predicted as non-irritants
in vivo (rabbit); I (Irritant): P.I.I. (Primary Irritation Index) > 2.0, NI (Non-Irritant): P.LL <2.0

in vivo (human); I (Irritant): S.LI. (Sugai's Irritation Index) > 30, NI (Non-Irritant): S.I.I. <30

Vol. 43 No. 12
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Table 4-2. Contingency tables for RhE models.

a) 2x2 contingency table and predictive capacity for EpiSkin

in vitro
EpiSkin™ SIT sensitivity 62.5% (10/16)
C NC ) specificity 91.3% (21/23)
in vivo I 10 6 16 accuracy 79.5% (31/39)
(rabbit) NI 2 21 23 PPV 83.3% (10/12)
z 12 27 39 NPV 77.8% (21/27)
b) 2x2 contingency table and predictive capacity for SkinEthic
in vitro
SkinEthic™ RHE SIT sensitivity 62.5% (10/16)
C NC P specificity 87.0% (20/23)
in vivo 1 10 6 16 accuracy 76.9% (30/39)
(rabbit) NI 3 20 23 PPV 76.9% (10/13)
P 13 26 39 NPV 76.9% (20/26)
¢) 2x2 contingency table and predictive capacity for EpiDerm
in vitro
EpiDerm™ SIT (EPI-200) sensitivity 50.0% (8/16)
C NC ) specificity 87.5% (21/24)
in vivo 1 8 8 16 accuracy 72.5% (29/40)
(rabbit) NI 3 21 24 PPV 72.7% (8/11)
z 11 29 40 NPV 72.4% (21/29)
d) 2x2 contingency table and predictive capacity for LabCyte
in vitro
LabCyte EPI-MODEL24 SIT sensitivity 40.0% (6/15)
C NC ) specificity 95.5% (21/22)
in vivo 1 6 9 15 accuracy 73.0% (27/37)
(rabbit) NI 1 21 22 PPV 85.7% 6/7)
P 7 30 37 NPV 70.0% (21/30)

sensitivity: number of irritants correctly classified / total number of irritants

specificity: number of non-irritants correctly classified / total number of non-irritants

accuracy: number of correctly classified irritants and non-irritants / total number of substances

PPV (positive predictive value): number of irritants correctly classified / total number of substances predicted as irritants

NPV (negative predictive value): number of non-irritants correctly classified / total number of substances predicted as non-irritants
in vitro; C (Classified): Viability < 50%, NC (Not Classified): Viability > 50 %

in vivo (rabbit); I (Irritant): P.I.I. (Primary Irritation Index) > 2.0, NI (Non-Irritant): P.II. <2.0

et al., 2007). Table 4-1 shows the correlation of the 26
test samples compared between rabbits and humans. The
sensitivity was 100%, suggesting that all test samples
that were positive in humans were predictable in rabbits.
However, the positive predictive value (PPV) is 57.1%,
indicating that the primary skin irritation test is signifi-
cantly over-predicted against the human patch test.

The scatter plot using P.I.I in the primary skin irrita-
tion test and S.I.I. in human patch test shown in Fig. 1
demonstrates the correlation of skin response between
rabbits and humans. The scatter plots were plotted sep-
arately for oil-soluble chemicals and other chemicals.

Vol. 43 No. 12

Fig. 1 shows that in oil-soluble chemicals there are no cor-
relations between rabbits and humans, and these included
chemicals such as Oleyl Alcohol (OA in Fig. 1) that do
not react to human skin even when P.I.I. was 4.7. Of the
test chemicals evaluated as irritant in rabbits, three [5%
Steareth-4 (#30), 100% Oleic Acid (#33), and 100% Oleyl
Alcohol (#34)] were evaluated as non-irritants in human
patch tests, and were oil-soluble chemicals. For chemicals
other than oil-soluble chemicals, four surfactants which
were evaluated as irritant in rabbits were correctly pre-
dicted for human patch test (Fig. 1, True Positive).
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Table 4-3. Contingency tables for RhE models.

a) 2x2 contingency table and predictive capacity for EpiSkin

in vitro

EpiSkin™ SIT sensitivity 80.0% (4/5)
C NC P specificity 96.0% (24/25)
in vivo I 4 1 5 accuracy 93.3% (28/30)
(human) NI 1 24 25 PPV 80.0% (4/5)
z 5 25 30 NPV 96.0% (24/25)
b) 2x2 contingency table and predictive capacity for SkinEthic
in vitro
EpiDerm™ SIT (EPI-200) sensitivity 80.0% (4/5)
C NC x specificity 96.0% (24/25)
in vivo 1 4 1 5 accuracy 93.3% (28/30)
(human) NI 1 24 25 PPV 80.0% (4/5)
P 5 25 30 NPV 96.0% (24/25)
¢) 2x2 contingency table and predictive capacity for EpiDerm
in vitro
EpiDerm™ SIT (EPI-200) sensitivity 80.0% (4/5)
C NC z specificity 92.3% (24/26)
in vivo 1 4 1 5 accuracy 90.3% (28/31)
(human) NI 2 24 26 PPV 66.7% (4/6)
z 6 25 31 NPV 96.0% (24/25)
d) 2x2 contingency table and predictive capacity for LabCyte
in vitro
LabCyte EPI-MODEL24 SIT sensitivity 60.0% (3/5)
C NC ) specificity 100.0% (20/20)
in vivo 1 3 2 5 accuracy 92.0% (23/25)
(human) NI 0 20 20 PPV 100% 3/3)
z 3 22 25 NPV 90.9% (20/22)

sensitivity: number of irritants correctly classified / total number of irritants

specificity: number of non-irritants correctly classified / total number of non-irritants

accuracy: number of correctly classified irritants and non-irritants / total number of substances

PPV (positive predictive value): number of irritants correctly classified / total number of substances predicted as irritants

NPV (negative predictive value): number of non-irritants correctly classified / total number of substances predicted as non-irritants
in vitro; C (Classified): Viability < 50%, NC (Not Classified): Viability > 50 %

in vivo (human); I (Irritant): S.I.I. (Sugai's Irritation Index) > 30, NI (Non-Irritant): S.I.I. <30

Correlation of OECD TG 439 adopted test
methods with in vivo tests

The in vitro test results (cell viability and UN GHS
categorization) using four RhE models (EpiSkin™ SM,
SkinEthic™ RHE, EpiDerm EPI-200, and LabCyte EPI-
MODELZ24) are shown in the Table 3.

Table 4-2 summarizes the existing results of the in vivo
(primary skin irritation in rabbits) and the obtained results
in vitro as well as the sensitivity, specificity, accuracy,
PPV and the negative predictive value (NPV). In the Epi-
Derm™ SIT, 100% Lauryl Alcohol (#29) assessment was

rated as “Classified” and “Not Classified” in two runs, so
the result was considered as Not Classified in the Tables
and Figures (most conservative approach).

The correlations between in vivo (rabbits) and in vitro
results were weak using all RhE test methods, with a sen-
sitivity ranging from 40.0 to 62.5% (EpiSkin™ SIT: 62.
5%, SkinEthic™ SIT 62. 5%, EpiDerm™ SIT: 50. 0%
and LabCyte SIT: 40. 0%), a specificity ranging from 87.5
to 95.5% (EpiSkin™ SIT: 91. 3%, SkinEthic™ SIT: 87.
0%, EpiDerm™ SIT: 87. 5%, and LabCyte SIT: 95. 5%),
an accuracy ranging from 72.5 to 79.5% (EpiSkin™ SIT:

Vol. 43 No. 12
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Table 4-4. Contingency tables for RhE models (without oil soluble chemicals).

a) 2x2 contingency table and predictive capacity for EpiSkin

in vitro
EpiSkin™ SIT sensitivity 100.0% (6/6)
C NC P specificity 83.3% (5/6)
in vivo I 6 0 6 accuracy 91.7% (11/12)
(rabbit) NI 1 5 6 PPV 85.7% (6/7)
z 7 5 12 NPV 100.0% (5/5)
b) 2x2 contingency table and predictive capacity for SkinEthic
in vitro
SkinEthic™ RHE SIT sensitivity 83.3% (5/6)
C NC P specificity 83.3% (5/6)
in vivo 1 5 1 6 accuracy 83.3% (10/12)
(rabbit) NI 1 5 6 PPV 83.3% (5/6)
P 6 6 12 NPV 83.3% (5/6)
¢) 2x2 contingency table and predictive capacity for EpiDerm
in vitro
EpiDerm™ SIT (EPI-200) sensitivity 100.0% (5/5)
C NC ) specificity 83.3% (5/6)
in vivo 1 5 0 5 accuracy 90.9% (10/11)
(rabbit) NI 1 5 6 PPV 83.3% (5/6)
z 6 5 11 NPV 100.0% (5/5)
d) 2x2 contingency table and predictive capacity for LabCyte
in vitro
LabCyte EPI-MODEL24 SIT sensitivity 80.0% (4/5)
C NC ) specificity 83.3% (5/6)
in vivo 1 4 1 5 accuracy 81.8% (9/11)
(rabbit) NI 1 5 6 PPV 80.0% (4/5)
T 5 6 11 NPV 83.3% (5/6)

sensitivity: number of irritants correctly classified / total number of irritants

specificity: number of non-irritants correctly classified / total number of non-irritants

accuracy: number of correctly classified irritants and non-irritants / total number of substances

PPV (positive predictive value): number of irritants correctly classified / total number of substances predicted as irritants

NPV (negative predictive value): number of non-irritants correctly classified / total number of substances predicted as non-irritants
in vitro; C (Classified): Viability < 50%, NC (Not Classified): Viability > 50 %

in vivo (rabbit); I (Irritant): P.L.I. (Primary Irritation Index) > 2.0, NI (Non-Irritant): P.II. <2.0

79.5%, SkinEthic™ SIT 76.9%, EpiDerm™ SIT: 72.5%
and LabCyte SIT: 73.0%), and a PPV ranging from72.7 to
85.7% (EpiSkin™ SIT: 77.8%, SkinEthic™ SIT: 76.9%,
EpiDerm™ SIT: 72.7%, and LabCyte SIT: 85.7%).

The scatter plot shown in Fig. 2 demonstrates the rela-
tionship between primary skin irritation indices (P.I.1.)
and cellular viability. This Figure shows that when the
P.L.L in vivo test is greater than or equal to 5.3 (Myristyl
Betaine: MB in Fig. 2), the viability in vitro of all chem-
icals is lower than 50%. On the other hand, it is difficult
to adjust the cut-off value (cell viability %) of the in vit-

Vol. 43 No. 12

ro test to identify a Draize score greater than or equal to a
moderate irritant.

In at least one of the four RhE test methods, false neg-
atives against in vivo rabbit results were observed with 10
oil-soluble chemicals: 7 oil formulations [100% Rozmari-
num Officinalis Rosemary leaf oil (#26; Rosemary Oil),
100% Isopropyl Palmitate (#28), 100% Lauryl Alcohol
(#29), 100% Dicaprylyl Ether (#32), 100% Oleic Acid
(#33), 100% Oleyl Alcohol (#34), and 100% Citrus Auran-
tium Dulcis (Orange) oil (#37; Orange oil)], 1 anionic sur-
factant [10% TEA-Laureth Sulfate (#25)] and 2 nonionic
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Fig. 2.

Primary skin irritation test in rabbits (P.1.1.)
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EPI-MODEL?24 SIT. In vitro method using OECD TG439; Positive (Classified): Viability < 50%, Negative (Not Classified):
Viability > 50%. Primary skin irritation test in rabbits; Positive (Irritant): P.L.I. (Primary Irritation Index) > 2.0, Negative
(Non-Irritant): P.I.I. < 2.0.

Vol. 43 No. 12



764

M. Sugiyama et al.

surfactants [5% Oleth-2 (#27), and 5% Steareth-4 (#30)].
False-negative results of in vitro data versus in vivo pri-
mary test were presumed to be chemicals that caused mild
irritation at 4 hr, and showed increased irritation when
applied for 24-hr. Knowing that it is known that the 4-hr
primary skin irritation test already over predicts, increas-
ing the application up to 24-hr would also have an impact
of the relevance of these positive results obtained in rab-
bits against the observation in humans.

The true positive chemicals predicted to be irritating in
both in vivo and in vitro assessments are those expected
to exceed 2.3 (UN GHS category 2) in the Draize score
of rabbits at 4 hr of application. There were 11 chemicals
which were determined as “Classified” using any of these
RhE test methods: 7 surfactants [TEA-Laureth Sulfate
(#25), 10% Cetylpyridinium Chloride (#31), 10% Myri-
styl Betaine (#35), 100% Steartrimonium Chloride (#36),
5% Sodium Lauryl Sulfate (#38), 100% Lauryl Betaine
(#39), and 10% Lautrimonium Chloride (#40], and 4 oils
[100% Rosemary Oil (#26), 100% Lauryl Alcohol (#29),
100% Dicaprylyl Ether (#32), and 100% Orange Oil
(#37)].

On the other hand, three false positive chemicals were
detected in this study, which are 10% Lactic Acid (#7),
20% Lauric Acid (#19), and 10% Laureth-3 (#23). Of
these, 10% Lactic Acid was considered to be influenced
by low pH because the pH was less than 2. Chemicals
with extreme pH are likely to damage the integrity of
the cells upon contact with tissues, such as skin, and thus
may be classified as skin corrosives (Cat. 1). For chemi-
cals with pH < 2.0 or pH > 11.5, skin corrosion could be
expected. However, it may also be important to take into
consideration the acid/alkaline reserve (a measure of buff-
ering capacity of a chemical) on skin (Young et al., 1988).
The observation of only mild irritancy in rabbits may be
the result of reduction by buffering ability on skin.

To assess the relevance of the in vitro test methods
adopted in OECD TG 439, the concordance of the results
with the results of 24-hr human patch test were examined.
Table 4-3 summarizes the concordance between in vivo
(human patch test) and in vitro (OECD TG 439 test meth-
ods) results using sensitivity, specificity, accuracy, PPV
and NPV. The numbers of test chemicals for which corre-
lations between the results of the in vitro assessment and
in vivo (human) could be compared were 30, 30, 31, and
25 for the EpiSkin™ SIT, the SkinEthic™ SIT, the Epi-
Derm™ SIT, and the LabCyte SIT, respectively. In the
LabCyte SIT, the results of 1% Lauryl Betain (#39) were
rated as classified and not classified in two runs; thus the
result was evaluated as not classified in the tables and
graphs.

Vol. 43 No. 12

The correlation between the results of in vitro and in
vivo (human) was a sensitivity of 60.0-80.0% (EpiSkin™
SIT: 80. 0%, SkinEthic™ SIT: 80. 0%, EpiDerm™ SIT:
80. 0%, LabCyte SIT: 60. 0%), a specificity of 92.3-100%
(EpiSkin™ SIT: 96. 0%, SkinEthic™ SIT: 96. 0%, Epi-
Derm™ SIT: 92. 3%, LabCyte SIT: 100%), and an accu-
racy of 90.3-93.3% (EpiSkin™ SIT: 93. 3%, SkinEthic™
SIT: 93. 3%, EpiDerm™ SIT: 90. 3%, LabCyte SIT:
92. 0%), indicating that the correlation between the human
patch test and in vitro was higher than that between the
primary skin irritation in the rabbits and in vitro. Moreo-
ver, a PPV of 66.7-100% supported the performance of in
vitro methods to predict the results of 24-hr human patch
test.

The scatter plot in Fig. 3 demonstrates the relationship
between the human patch test (S.1.1.) and cellular via-
bility. False negatives were 0.1% Benzalkonium Chlo-
ride (#2) (EpiSkin™ SIT, SkinEthic™ SIT), 1.0% Lauryl
Betaine (#39) (EpiDerm™ SIT, LabCyte SIT), and 1.0%
Sodium Lauryl Sulfate (#38) (LabCyte). In both epider-
mal models, a false negative result was observed in the
surfactants.

Therefore, the examination was conducted to deter-
mine the lowest concentration that would produce posi-
tive results in the RhE test methods, by increasing the test
concentration of test chemicals applied onto RhE models.
As a result, 0.2% Benzalkonium Chloride was determined
as classified in EpiSkin™ SIT and SkinEthic™ SIT. Sim-
ilarly, 2.0% Sodium Lauryl Sulfate was classified with
LabCyte SIT and 2.0% Lauryl Betaine with EpiDerm™
SIT and LabCyte SIT. Therefore, all false-negative test
chemicals using all RhE models were classified at 2-fold
higher concentrations (see Table 5).

DISCUSSION

Preparation of primary skin irritation test dataset
Although the test methods adopted in OECD TG 439
were not developed for evaluating skin irritation in Jap-
anese quasi-drugs approval system, the usefulness of the
in vitro test methods was examined for predicting pri-
mary irritation in rabbits and patch tests in humans. To
begin with, primary skin irritation test results based on
24-hr exposure in rabbits and 24-hr occlusive human
patch test results for quasi-drugs in Japan were prepared
as an in vivo dataset. Chemicals included in the in vivo
dataset were not re-tested with animals or humans, and
therefore existing historical data were used. The collected
in vivo dataset was considered appropriate as the in vivo
dataset for evaluating the usefulness of the alternative
methods, as chemicals in the dataset included an approx-
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Fig. 3. Correlation of cell viability % data of the 4 adopted OECD TG 439 test methods with human patch test (S.1.1.). EpiSkin:
EpiSkin™ SIT, SkinEthic: SkinEthic™ RHE SIT, EpiDerm: EpiDerm™ SIT (EPI-200), LabCyte: LabCyte EPI-MODEL24
SIT. In vitro method using OECD TG439; Positive (Classified): Viability < 50%, Negative (Not Classified): Viability >
50%. Human patch test; Positive (Irritant): S.I.I. (Sugai’s Irritation Index) > 30, Negative (Non-Irritant): S.I.I. <30.
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Correlation of cell viability % data of the 4 adopted OECD TG439 test methods with primary irritation test in rabbits (P.L.1.)
(test chemicals: Log Kow < 3.5). EpiSkin: EpiSkin™ SIT, SkinEthic: SkinEthic™ RHE SIT, EpiDerm: EpiDerm™ SIT
(EPI-200), LabCyte: LabCyte EPI-MODEL24 SIT. In vitro method using OECD TG439; Positive (Classified): Viability <

50%, Negative (Not Classified): Viability > 50%. Primary skin itritation test in rabbits; Positive (Irritant): P.I.I. (Primary
Irritation Index) > 2.0, Negative (Non-Irritant): P.I.I. < 2.0.
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imately equal number of irritants and non-irritants, along
with a wide range of chemicals such as surfactants, oils,
polymers, acid, and powders.

As human patch tests are usually performed to con-
firm negative results, it is difficult to obtain data on qua-
si-drugs that are strongly irritating in animal studies. The
lack of positive data from human patch tests is a chal-
lenge to developing an alternative method.

Correlations between in vivo data (rabbits and
humans)

In the application for quasi-drugs, primary skin irrita-
tion is explained by data from the primary skin irritation
test using rabbits and the 24-hr patch test using humans.
There are no false negative chemicals in the correla-
tion between the results of the rabbit and human studies
(Table 4-1, Fig. 1) confirming the usefulness of the ani-
mal-based studies for safe conduct of human patch test.
This result was consistent with previous studies in which
skin reactivity was significantly higher in animals such
as rabbits than in humans after 24 hr of exposure (Kést-
ner, 1977; Motoyoshi et al., 1979; Tsuchiya et al., 1980).
The performance of predictability, the sensitivity was
100% whereas PPV was 57.1%, suggesting that primary
skin irritation test in rabbits is over predicted against the
human patch test.

In addition, the skin reactivity in rabbits with 4-hr
exposure was higher than skin reactivity in humans, and it
has been reported that the irritation of chemicals is some-
times overestimated in animals. (Basketter ez al., 2004)
(Jirova et al., 2010). Overall, the usefulness of the animal-
based studies for identifying a potential effect in human
should be counterbalanced with the low PPV observed
both with 4-hr and 24-hr exposure. A chemical being neg-
ative in the primary skin irritation test using rabbits has a
high probably to be also negative in humans whereas the
relevance of a positive effect observed in the primary skin
irritation test should be further confirmed.

Differences in evaluation results by
reconstructed human epidermal models
Epidermal test methods gave different results for
9 chemicals [0.1% Benzalkonium Chloride (#2), 20 and
100% Lauric Acid (#19), 10% TEA-Laureth Sulfate
(#25), 100% Rosemary Oil (#26), 100% Lauryl Alcohol
(#29), 100% Dicaprylyl Ether (#32), 100% Orange Oil
(#37), 1% Sodium Lauryl Sulfate (#38), and 1% Lauryl
Betaine (#39)]. Four of these were surfactants (#2, #25,
#38, and #39), and five were lipophilic chemicals (#19,
#26, #37, #29, and #32) classified as higher fatty acids,
essential oils, higher alcohols, or ethers. The difference of
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the evaluation results by the epidermal models used here
could not be explained by the physical properties of the
chemicals. In addition, in this study, the test chemicals
evaluated in the 4 test methods were purchased from var-
ious suppliers and therefore were not necessarily obtained
from the same chemical providers for the in vivo studies.
Therefore, differences in reagent sources could affect the
test results.

Among the reconstructed epidermal models listed in
OECD TG 439, Kano et al. (2010) examined the skin
permeability coefficients of LabCyte EPI-MODEL and
EpiSkinS (EpiSkin) and reported that the permeability
of chemicals differed from model to model. There were
no differences in cumulative amount of chemicals up to
1 hr after application permeated through RhE due to mod-
els (EpiDerm, LabCyte EPI-MODEL, EpiSkin) (Todo,
2016). In the protocol on in vitro methods in TG 439, the
application period of the test chemical is as short as 15-60
min. The application times were adjusted model-by-mod-
el to detect chemicals which are equal to or more irritant
than those classified in UN GHS Category 2. Therefore,
it is considered that the differences in chemical perme-
ability by the epidermis model did not affect the results
significantly. As a result, the predictive ability (sensitiv-
ity, specificity, accuracy, PPV, and NPV) of in vivo (rab-
bits, humans) results did not differ clearly between recon-
structed human models.

Correlations between in vitro test methods
(OECD TG 439) with in vivo primary skin test
(rabbits) results

Imai et al. (in press) used the same test chemicals as in
this study and reported on the results of the EpiDerm™
SIT and the concordance of the in vivo (rabbits) results
and speculated that oil-soluble chemicals that do not pen-
etrate the epidermis may be less toxic because of wetting
of the epidermal modeled surfaces. On the other hand,
surfactant that quickly penetrates the epidermis model
was considered to have little influence of the wetting sur-
face of the EpiDerm™ model. Of the 9 surfactants clas-
sified as irritants in this study, 7 were judged to be irri-
tants; therefore, the irritancy of the surfactants was easily
detectable in the test method. We selected chemicals oth-
er than oil-soluble chemicals by consideration for Log
Kow above 3.5 and classifications, and examined the cor-
relation of in vivo-in vitro for these chemicals (Table 4-4).
The number of test chemicals for which oil-soluble chem-
icals were excluded was 11 for EpiDerm™ SIT and Lab-
Cyte SIT and 12 for EpiSkin™ SIT and SkinEthic™ SIT.
The correspondence between in vivo (rabbits) and in vitro
results was 80.0-100% for sensitivity, 83.3% for specifici-
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Table 5. Lowest concentration judged as Classified.

Human 24 hr Patch Test" in vitro evaluation by OECD TG439”
INCI Conc.  Positive el TM SkinEthic™RHE EpiDerm™SIT LabCyte EPI-
mte ST EpiSkin™ SIT SIT (EPI-200) MODEL24 SIT
NC NC NC
0,
0.01% 105.8 £ 3.5% 93.2+4.3% NC 96.6 = 8.2%
NC NC c c
0, 0,
0.1%  289% 434 102.8 + 3.2% 77.4+55% 36.6 + 7.6% 434+ 11.9%
. . C c C
0,
Benzalkonium Chloride 0.2% 42.042.9% 12.7 + 0.4% 159+ 1.1%
c c
0,
0.5% 1.5+ 0.1% 156+ 3.6%
1.0% € ¢ ¢
: 20.1 = 4.1% 1.0+ 0.0% 107 +2.7%
C C C NC
0,
0% 44.7% 855 25.8 £ 14.1% 1.140.2% 25+0.07% 547+ 11.2%
. C C
0,
Sodium Lauryl Sulfate 2.0% 47+ 1.1% 103 + 2.6%
S o% C c C c
: 5.8413% 0.9+0.1% 2.1+ 0.04% 7.8+ 1.4%
NC
c c NC
1.0% 39.5%  50.0 , X . NC 672%13.7%
39.9 £ 0.6% 37.3+3.6% R25207% (G 7k
C C c
0,
2.0% 11.8+04% 73+7.6% 1.1+ 0.8%
Lauryl Betaine 5.0% C C C
: 1.0+ 0.3% 2.8+ 0.2% 121+ 2.8%
c c c
10.0% 7.7+ 1.9% 2.4+ 0.2% 10.2 = 0.6%
c c c c
0,
100.0% 9.1+ 12.8% 1.7+ 0.7% 2.6+0.3% 252+ 1.3%

1) I (Irritant): S.L.I. (Sugai's Irritation Index) > 30
NI (Non-Irritant): S.I.I. <30

2) C (Classified): Viability < 50%
NC (Not Classified): Viability > 50 %

INCI, International Nomenclature of Cosmetic Ingredients; OECD TG, Organisation for Economic Co-operation and Development Test Guideline

ty and 81.8-91.7% for accuracy; therefore, the increased
sensitivity and accuracy were obtained. In addition, the
correlation between the primary skin irritation index
(P.I.L.) and cellular viability were investigated after the
exclusion of oil-soluble chemicals (Fig. 4).

Although there was one chemical that was judged as
false negative [TEA-Laureth Sulfate (#25)], when viabil-
ity was more than 50%, primary skin irritation index was
mostly equal to or less than 2.0.

Therefore, if the chemical is not oil soluble it was sug-
gested that in the in vitro method using TG 439 the non-
irritant chemicals could correctly predict irritancy in rab-
bits with 24-hr exposure.

Correlations between in vivo human and in vitro
(TG 439) results

Chemicals classified as oils-soluble showed no irrita-
tion in human patch tests but were judged to be irritat-
ing with 100% Lauric acid (#19) and 10% Rosemary Oil
(#26) by in vitro methods (false positive).

For surfactants, there were five irritants in human patch

tests, of which there were false negatives in the RhE mod-
els for 0.1% Benzalkonium Chloride (#2), 1% Sodium
Lauryl Sulfate (#38), and 1% Lauryl Betaine (#39). Of
these chemicals, 0.1% Benzalkonium Chloride (#2) has
been reported to be less irritating when applied to humans
for 4-hr (Kanto ef al., 2013). As rabbits are more sensi-
tive than humans, it was considered that a 4-hr patch test
could be performed safely if the test was judged to be Not
Classified in the test method adopted in OECD TG 439.
These chemicals, #2, #38 and #39, were presumed to be
chemicals with enhanced skin reactions when the expo-
sure time was extended from 4 to 24 hr.

In conclusion, the correlation between the human patch
test and the in vitro test methods were better than that of
the primary skin irritation test with rabbits exposed for
24 hr. To avoid potential false negative outcomes in the
case of surfactants, it was suggested that using the in vit-
ro test methods listed in OECD TG 439 while setting the
margin to 2 is an useful approach before conducting a
24-hr occlusive patch test safely in Japan for quasi-drugs.
This study also revealed that the in vitro test using recon-
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structed human epidermis model adopted in OECD TG
439 was useful for evaluating human skin irritation.
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