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when test chemicals and a negative control, re-
spectivel%,«l are applied to the viable Vitro-
life-Skin ™ model, and 4,,and A4, are the values
obtained for a blank test using a test chemical and
the negative control, respectively, with a collagen
sponge without cells.

Prediction models

Predictions of in vitro corrosiveness/non- corro-
siveness were made according to the refined final
prediction model (PM2) used in phase III of the
EpiDerm™ skin corrosivity test (Liebsch et al.,
2000). Hence, chemicals that reduced cell viability
to less than 50% upon exposure to the Vitro-
life-Skin™ model for three min. were predicted to

Table 3 Data from each laboratory

be ‘corrosive’in vivo. If 3 min. exposure produced
cell viability of > 50%, the chemical was classified
as ‘non-corrosive’ after a 3 min. exposure, but the
same chemical was still be classified as ‘corrosive’
if viability after a 60 min. exposure was below
15%. The results obtained using the EpiDermTM
and Vitrolife-Skin™ models in this study were
compared with the results of ECVAM validation
studies using F;BliDermTM (Liebsch et al., 2000)
and EPISKIN (Fentem et al., 1998) for skin
corrosivity testing.

This test was repeated twice. If different re-
sults from the two tests were obtained, a third test
was performed at each laboratory and used for fi-
nal judgment.

NIHS: Div. Toxicol., NIHS
NS: ODAWARA Res. Center, Nippon Soda Co., Ltd.

SC: Environmental Health Science Lab., Sumitomo Chemical Co., Ltd. IET: Toxicol. Div.,

C: Corrosive, NC: Non-Corrosive
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NN: Res. Div., Nihon Nohyaku Co., Ltd.
NM: Res. Lab., Nippon Menard Cosmetic Co., Ltd.
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Results

This validation study was not performed under
GLP. However, all data obtained in each laboratory
followed GLP compliance and spirit. Their records
(data and detailed documents) could be checked
after the assays, and raw data was sent to Tokyo
Univ. of Science for analysis by biostatisticians.
All documents were checked by the chairperson,
biostatisticians and chemical distributors, and are
stored in the NIHS.

Predictivity
Using cell viability after exposure to test chemicals
for three or 60 min., the chemical classifications

according to the EpiDerm™ prediction model are
shown in Table 3. Data for positive controls in the
two models were evaluated correctly at all labora-
tories. The EpiDerm™ data summarized in Table 4
excluded the positive control data. Of 30 classifi-
cations of six chemicals in the corrosive class, 29

- classifications of EpiDerm™ were correctly pre-

dicted to be corrosive, and sensitivity was 96.7%.
All six chemicals in the corrosive class were cor-

rectly predicted excluding one laboratory. Lab.1
gave a negative classification of sulfuric acid from

two data sets, but this chemical is corrosive. Cell
viability values after expose to sulfuric acid for 60
min. were 18.54% and 38.80%, and these values

Table 4 Contigency table for EpiDerm™ predictions

Vitro Corrosive Non-Corrosive
Vivo
Corrosive 29 |

Non-Corrosive

10 (5% KOH, Lactic

Acid)

Table 5 Contingency table for Vitrolife-Skin™ predictions

Acid)

Vitro Corrosive Non-Corrosive
Vivo
- Corrosive 30 0
10 (5% KOH, Lactic
Non-Corrosive 20

Table 6 Key statistical parameters for the four tests

EpiDerm™ Vitrolife-Skin™ | EpiDerm™ | EPISKIN™

(ECVAM) (ECVAM)
No. of Chemicals 12 12 24 60
Sensitivity 1009% (12/12) 1009% (12/12) 92% 82%
Specificity 66.7% (4/6) 66.7% (4/6) 83% 84%
Accuracy 83.3% (10/12) 83.3% (10/12) 92% 83%
False positive rate 16.7% (2/12) 16.7% (2/12) 17% 19%
False negative rate 0% (0/12) 0% (0/12) 8% 14%

41

—605—




Kojima H et al., Validation of human skin models for skin corrosivity tests in Japan, AATEX 13(1), 36-44, 2008

were slightly high compared to 15%, which is the
border line. On the other hand, of 30 classification
of six chemicals in the non-corrosive class, 20
classifications of EpiDerm™ were correctly pre-
dicted to be non-corrosive, and specificity was
66.7%, but two were false positives. There were
5% potassium hydroxide and lactic acid. All the
laboratories gave them positive classifications
from two data sets, which is a non-corrosive
chemical. Positive predictivity was 74.4% (29 true
corrosive classifications / 39 corrosive classifica-
tions in this assay). Negative predictivity was
95.2% (20 true non-corrosive classifications / 21
non-corrosive classifications in this assay). The
total consistency rate was 81.7% (49 true classifi-
cations / 60 classifications in this assay).

The Vitrolife-Skin™ data are summarized in
Table 5, excluding the positive control data. Of 30
classifications of six chemicals in the corrosive
class, 30 of Vitrolife-Skin™ were correctly pre-
dicted to be corrosive, and sensitivity was 100%.
All six chemicals in the corrosive class were cor-
rectly predicted.

On the other hand, of 30 classification of six
chemlcals in the non-corrosive class, 20 of Vitro-
life-Skin™  were correctly predicted to be
non-corrosive, and specificity was 66.7%, but two
were false positives. They were 5% potassium hy-
droxide and lactic acid, which all laboratories gave
a positive classification from two data sets. This
chemical is non-corrosive. Positive predictivity
was 75% (30 true corrosive classifications / 40
corrosive classifications in this assay). Negative
predictivity was 100% (20 true non-corrosive clas-
sifications / 20 non-corrosive classifications in this
assay). The total consistency rate was 83.8% (50
true classifications / 60 classifications in this as-
say).

Predictability of these two models was similar
to the results obtained by the ECVAM validation
study.

Intralaboratory variation

Most chemicals did not show any great differences
in scores on tests repeated at each laboratory. Dif-
ferent classifications of EpiDerm™ accounted for
6.66% (4/60). These data are not shown in the
Tables. Cell viabilities of sulfuric acid after expo-
sure for 60 min. in Lab. 2 were 17.26%, 9.46% and
12.02%, and those in Lab.3 were 15.72%, 10.58%
and 9.01%, respectively. On the other hand, cell
viabilities of lactic acid after exposure for 60 min.
in Lab. 1 were 16.55%, 13.39% and 7.19%, while
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those in Lab.5 were 15.85%, 12.01% and 15.89%,
respectively. These cell viabilities were around
15% after exposure for 60 min. (the success crite-
ria).

Different classifications of Vitrolife-Skin™
accounted for 5.0% (3/60). Cell viabilities of sul-
furic acid after exposure for 60 min. in Lab. 3 were
5.90%, 16.09% and 6.34%, while after exposure to
octanoic acid for 60 min in Lab.3 were 21.37%,
11.77% and 10.71%. These cell viabilities were
around 15% after exposure for 60 min (the success
criteria). Meanwhile, cell viabilities of sodium hy-
droxide (4.88%) after exposure for 3 min. in Lab. 2
were also 55.12%, 15.41% and 17.51%. These cell
viabilities were around 50% after exposure for 3
min. (the success criteria).

These cell viabilities were in an extremely
narrow range despite the different classifications.
Therefore, intralaboratory variation between the
two models is presumed to be small.

Interlaboratory variation

In EpiDerm™, inter-laboratory variation was sig-
nificant for only sulfuric acid. The classification of
sulfuric acid in Lab. 1 was different from the data
in the other four laboratories. In the data of Lab.1,
not shown in the Tables, cell viabilities after expo-
sure for 60 min. were 18.54% and 38.80%, and
these values were almost the same as the positive
classification. For Vitrolife-Skin M, inter- labora-
tory variation was not significant. From these re-
sults, the fea51b111ty of using EplDerm and Vitro-
life-Skin™ was suggested by the experiment.

Discussion
From the obtained data we confirmed the potentlal
of using EpiDerm™ and Vitrolife-Skin™ as
methods to evaluate the corrosivity of a chemical.
We consider the data form these models has high
predictivity, and low intra- and inter-laboratory
variation.

With Vitrolife-SkinTM, however, it is neces-
sary to use limited blank data using collagen
sponges without cells.

Modified points of Vitrolife-Skin™ from the
ECVAM skin corrosivity validation study

Application volume

Although the surface of the Vitrolife-skin™ model
0.5 cm) is similar to that of EpiDerm ™
(0.63cm?), 50 pL of Liquid chemical was often
insufficient for the surface. In this study, therefore,
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the application volume of liquids was increased
from 50 pL, the volume used in the phase III pro-
tocol in the EpiDermTM skin corrosivity test, to
100 pL. For the same reason, 50 mg of solid
chemical was applied and 50 yl. of water was
added to ensure good contact with the surface (in
contrast to the Phase III protocol, in which 25mg
of solid and an additional 25 pL of water were ap-
plied. Additional tests using collagen sponges
without cells, the Vitrolife-Skin™ model uses a
collagen sponge without cells to construct the
dermal layer, and this allows test chemicals to be
easily absorbed and bound, compared with epi-
dermal models consisting of only an epidermal
layer and supporting material. In a previous study,
tests using collagen sponges without cells, instead
of non-viable Vitrolife-Skin™ models, were per-
formed for several test chemicals with the potential
to interfere with the MTT assay (Mirokawa, 2006).
For 3- methoxypropylamine and n-heptylamine,
these experiments suggested about 50-60% and
80% “viability”, respectively, due to a chemical
reaction with the MTT medium. Hence, the
70-80% viability obtained for
3-methoxypropylamine with the Vitrolife-Skin ™
model should be corrected to about 20%. In the
same way, the 120% viability obtained for
n-heptylamine should be decreased to about 40%.
Therefore, these two chemicals, which were incor-
rectly classified as negatives by testing without
using blank collagen sponges, should correctly be
classified as corrosive by adding blank collagen
sponges, in agreement with the results from the
EpiDerm™ model. The additional test for the other
six chemicals gave results of around 15% “viabil-
ity”, such that the Vitrolife-Skin™ in vitro predic-
tion of corrosivity was not changed.

Therefore, we obtained blank data using col-
lagen sponges without cells in the validation of
Vitrolife-Skin™. In this validation study, we de-
tected solibilization, swelling and color change
after exposure to chemicals, and the need to use
blank collagen sponges without cells.

Comparison of skin models

As shown in Table 6, there was no difference in
sensitivity, specificity, accuracy, false positive rate
or false negrative rate between EpiDerm™ and Vi-
trolife-Skin™ in this validation study. The result in
this validation study may be due to no difference in
structure between a two-layer skin model consist-
ing of a dermis and epidermis (Vitrolife-Skin™)
and epidermal models (EpiDerm™). The barrier
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function of comified layers of the cultured epider-
mal and skin model is less effective compared with
human skin tissue (Kojima et al., 2000). In addi-
tion, as chemical exposure times become longer,
stronger cytotoxicity occurs due to the accumula-
tion of chemicals which permeate the cornified
layer of the skin model. However, it is considered
the barrier function of these model is similar.

The sensitivity was 92% in phase III of the
EpiDerm™ study and 82% in EPISKIN™ study,
and the present vaiues (100%) were higher than
data of these previous validation assays. The speci-
ficity, however, was 83% in phase III of the Epi-
Derm™ study and 84% in the EPISKIN™ study,
and the present ones (66.7%) were lower than
those. We consider these accuracy and false posi-
tive rates to be no different between the present
validation and previous validation study. On the
other hand, none of the false negative rates in pre-
sent validation study were lower than data from
previous validation studys. This issue must be han-
dled carefully, because this assay is a catch-up
validation trial, and the number of chemicals and
classes is small.

Though peer review of these models is in
progress, the ad hoc. committee of toxicology at
MHLW in Japan has approved the utilization of
these models to evaluate the corrosivity of a
chemical.
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FHREY - FTERIERBERLT7 LAY -RICDIE
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BWTL I Do 727, IEEROBERT LV F—
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(Ashikaga T, et al : Toxicology in Vitro 16: 711-716, 2002 & D (%)

@ *\’ CVAM (Center for the Validation Methods)
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ECVAM | European Center for the Validation of Altemnative Methods
ICCR ! Intemational Cooperation on Cosmetics Regulations

ICCVAM | Interagency Coordinating Commiitee on the Validation of
Alternative  Methods

ICH ! Intemnational Conference on Harmonization

ISO * International Organization for Standardization

JaCVAM ! Japanese Center for the Validation of Alternative Methods
NICEATM ! National Toxicology Program Interagency Center for the
Evaluation of Altemative Toxicological Methods

OECD : Organization for Economic Co-operation and Development
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