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Introduction 
There are currently several cultured human skin 
models that are commercially available, and these 
have proved useful to evaluate skin irritancy 
caused by chemical reagents, cosmetic products, 
and medicines. Many studies have confirmed the 
validity of these models (Fentem et al., 2001, 
Portes et al., 2002, Sonoda et al., 2002, Zuang et 
al., 2002). We have developed a novel cultured 
skin model, which is referred to as “Vitro-
life-Skin™”, and applied it to the prediction of 
skin irritancy (Morikawa et al., 2002, Morota et al., 
1998, Morota et al., 1999). 

During the last decade, the European Centre 
for the Validation of Alternative Methods 
(ECVAM) has supported formal validation studies 
using in vitro tests as a replacement for the in vivo 

rabbit test for predicting skin corrosivity (Fentem 
et al., 1998, Liebsch et al., 2000). As a result, two 
in vitro tests based on the use of commercial hu-
man skin models, EPISKIN™ (EPISKIN, Chapo-
nost, France) and EpiDerm™ (MatTek, Ashford, 
USA), were also endorsed. A new test method for 
skin corrosion (B.40), which incorporates a rat skin 
transcutaneous electrical resistance assay and two 
human skin model assays, was included in Annex 
V of Directive 67/548/EEC in mid-2000, thereby 
making the use of in vitro alternatives for skin 
corrosivity testing of chemicals mandatory in the 
European Union (EC, 2000). 

In this study, we used several test chemicals 
and evaluated their skin corrosivity using in vitro 
tests. That is, evaluations were made based on the 
ECVAM experimental protocol and our originally 
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Abstract 
During the last decade, ECVAM has supported formal validation studies on in vitro tests for predicting
skin corrosivity, which included two of the in vitro tests employed human skin models, EPISKIN™
and EpiDerm™. When skin models are used to evaluate skin irritancy and corrosivity, it is important
that suitable chemical application procedures are utilized. We used several chemicals and evaluated
their skin corrosivity using in vitro tests, evaluations using ECVAM experimental protocols and
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results. Vitrolife-Skin showed basic utility for corrosivity testing by both methods and it is possible to
confidently predict skin corrosivity, provided that the appropriate chemical application procedures are
used. In the future, human skin models will become very useful for purposes of predicting in vivo skin
corrosivity of chemicals and for studying the mechanistic aspects of such corrosivity. 
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developed method for predicting skin irritancy, 
which is termed the post-incubation (PI) method 
(Morikawa et al., 2002, Morota et al., 1998, 
Morota et al., 1999), and the results were com-
pared. 
 
Materials and Methods 
Materials 

A total of 47 test chemicals were selected from 
the chemicals tested in the ECVAM skin corrosiv-
ity validation study (Fentem et al., 1998, Liebsch 
et al., 2000). The test chemicals, 19 of which are 
known to be corrosive in vivo while 28 are 
non-corrosive, are listed in Table 1. These test 
chemicals consist of organic acids, organic bases, 
neutral organics, phenols, inorganic acids, inor-
ganic bases, inorganic salts, electrophiles, and 
soaps/surfactants. All test chemicals were pur-
chased from Aldrich (Milwaukee, USA) and used 
as received. Dulbecco’s phosphate-buffered saline 
(PBS) and isopropanol were obtained from Wako 
Pure Chemical Industries, Ltd. (Osaka, Japan), and 
Dulbecco’s modified Eagle’s medium (DMEM), 
fetal bovine serum (FBS), and antibiotics solution 
(penicillin, streptomycin, and amphotericin B) 
were purchased from Gibco Laboratories (Grand 
Island, USA). K110 medium and 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliu
m bromide (MTT) were obtained from Kyokuto 
Pharmaceutical Industrial Co., Ltd. (Tokyo, Japan) 
and Dojindo Laboratories (Kumamoto, Japan), 
respectively. The human skin model consisting of 
dermis and epidermis with cornified layers was 
prepared as previously described (Morikawa et al., 
2002, Morota et al., 1998, Morota et al., 1999). 
 
Chemical application procedure according to 
the ECVAM validation study 
The experimental steps of the method were per-
formed according to the protocol used in phase III 
of the EpiDerm skin corrosivity test (Liebsch et al., 
2000) with slightly modifications. The Vitro-
life-Skin models were placed in 250 µL of DMEM 
+ 5% FBS in 24-well plates and equilibrated in a 
1-hour incubation (37 °C, 5% CO2, 90% humidity). 
Test chemicals were applied directly to the stratum 
corneum of four replicate models per chemical. 
Liquids (100 µL) were applied using a positive 
displacement pipette. Solids were crushed to a 
powder, if necessary, and 50 mg was applied using 
a spatula, with addition of 50 µL of distilled water 
to ensure good contact with the surface. Four mod-
els were applied with 100 µL distilled water as a 

negative control. After exposure for 3 or 60 min-
utes at room temperature (15-25 °C), two replicate 
models for each exposure time were washed thor-
oughly with PBS to remove the test chemical from 
the surface. 
 
Chemical application procedure by the 
post-incubation (PI) method 
The experimental steps were performed as follows, 
using a method that is referred to as the 
post-incubation (PI) method, as described previ-
ously (Morikawa et al., 2002, Morota et al., 1998, 
Morota et al., 1999). After exposure for 10 minutes 
at room temperature, two replicate models per 
chemical were washed thoroughly with PBS to 
remove the test chemical from the tissue surface. 
The models were then immersed in 2.0 mL of 
DMEM + 5% FBS and cultured for an additional 
18 hours at 37°C in a 5% CO2, 90% humidity en-
vironment. 
 
Calculation of the cell viability 
The effects of the test chemicals on cell viability 
were determined using an MTT reduction assay. 
After blotting, the models were incubated (5% CO2, 
90% humidity) in 1 mL of DMEM + 5% FBS con-
taining 0.5 mg of MTT for an additional 3 hours at 
37 °C. Living cells were dyed dark-violet by the 
MTT reagents. After the models were washed with 
PBS, biopsies of the models were taken using a 
biopsy punch (6 mm diameter). The biopsies were 
separated from the models with the aid of forceps, 
and placed into acidified isopropanol (1.0 mL), 
after removing excess water by placing the units 
on absorbent paper. The precipitated formazan was 
extracted overnight at room temperature, with pro-
tection from light. The absorbance of the extracts 
was measured at 570 nm using a UV-VIS spectro-
photometer (UV-160A, Shimadzu, Kyoto, Japan). 
The cell viability determined by the MTT reduc-
tion assay method was expressed as follows: 
 

(%) 100 viabilityCell 
c

t

A

A
 (1) 

 
where At and Ac are the absorbancies of the ex-
tracts when test chemicals and a negative control, 
respectively, are applied to the cultured skin 
model. 

Additional tests using collagen sponges 
without cells were performed for the eight chemi-
cals with the potential to interfere with the MTT  
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assay and the cell viability was expressed as fol-
lows: 
 

(%) 100 viabilityCell 
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where At and Ac are absorbancies of the extracts 
when test chemicals and a negative control, re-
spectively, are applied to the viable Vitrolife-Skin 
model, and Abt and Abc are the values obtained for a 
blank test using a test chemical and the negative 
control, respectively, with a collagen sponge with-
out cells. 
 
Prediction models 

Predictions of in vitro corrosiveness/ 
non-corrosiveness were made according to the re-
fined final prediction model (PM2) used in phase 
III of the EpiDerm skin corrosivity test (Liebsch et 
al., 2000). Hence, chemicals that reduced the cell 
viability to less than 50% upon exposure to the 
Vitrolife-Skin model for 3 minutes are predicted to 
be in vivo corrosive. If 3-minute exposure pro-
duced a tissue viability of ≥ 50%, the chemical was 
classified non-corrosive after a 3-minute exposure, 
but the same chemical may still be classified as 
corrosive if the viability after a 60-minute expo-
sure is below 15%. In case of the PI method, a cell 
viability of less than 20% was considered to be 

indicative of a corrosive chemical. 
The results obtained using the Vitrolife-Skin 

model in this study were compared with the results 
of the ECVAM validation studies using EpiDerm 
(Liebsch et al., 2000) and EPISKIN (Fentem et al., 
1998) for skin corrosivity testing. 
 
Results 
Skin corrosivity testing according to the 
ECVAM validation study 
The cell viability after exposure to the test chemi-
cals for 3 or 60 minutes and the chemical classifi-
cation according to the EpiDerm prediction model 
are shown in Table 2. Of the maximum possible 19 
chemicals in corrosive class, 16 chemicals were 
correctly predicted to be corrosive, whereas six 
were falsely classified as negatives. On the other 
hand, 25 of the maximum possible 28 chemicals in 
non-corrosive class were correctly predicted, and 
six were falsely classified as positives. 
 
 
Skin corrosivity testing using the post- incuba-
tion (PI) method 
A comparison of cell viability after exposure to the 
test chemical for 10 minutes and cultivation for 18 
hours (PI method) and the primary irritation index 
(PII) (Bagley et al., 1996, ECETOC, 1995) is 
shown in Fig. 1. Cell viability for non-corrosive 
chemicals showed a good correlation over PII val- 
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Fig. 1.  Comparison of the primary irritation index (PII) with cell viability after exposure to the test
chemical for 10 minutes and cultivation for 18 hours (PI method). Open circles; corrosive, closed circles;
non-corrosive test chemicals. The correlation coefficient is calculated using data for the non-corrosive test
chemicals, except for methyl laurate, methyl palmitate, and sodium lauryl sulfate (20%, aq.). 
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ues of 0 to around 5, except for methyl laurate and 
methyl palmitate. The correlation coefficient cal-
culated using non-corrosive test chemical data, 
excluding methyl laurate, methyl palmitate, and 
sodium lauryl sulfate (20%, aq.), is 0.813. On the 
other hand, all corrosive test chemicals had a PII 
value of more than 4, and showed less than about 
20% cell viability. In our previous study of several 
surfactants, the most severe irritant chemicals, 
which had PII values of more than 4, gave a Vitro-
life-Skin cell viability of less than 20% (Morota et 
al., 1998, Morota et al., 1999). In this study, there-
fore, a cell viability of less than 20% obtained us-
ing the PI method was considered to be indicative 
of a corrosive chemical. Cell viability obtained 
with the PI method and the corro-
sive/non-corrosive prediction are shown in Table 3. 
These data show that 18 of the maximum achiev-
able 19 chemicals in corrosive class were correctly 
predicted to be corrosive, and only three were 
falsely classified as negatives. On the other hand, 
22 of the maximum achievable 28 chemicals in 
non-corrosive class were correctly predicted as 
negative, and 11 were falsely classified as posi-
tives. 
 
Discussion 
1. Modified points from the ECVAM skin cor-
rosivity validation study 
1-1. Application volume 
Although the surface of the Vitrolife-Skin model 
(0.50 cm2) is similar to that of EpiDerm (0.63 cm2), 
50 µL of liquid chemical was often insufficient for 
wetting the surface. In this study, therefore, the 
application volume of liquids was increased from 
50 µL, the volume used in the phase III protocol in 
the EpiDerm skin corrosivity test, to 100 µL. For 
the same reason, 50 mg of solid chemical was ap-
plied and 50 µL of water was added to ensure good 
contact with the surface (in contrast to the phase III 
protocol in the EpiDerm skin corrosivity test, in 
which 25 mg of solid and an additional 25 µL of 
water were applied). 
 
1-2. Additional tests using collagen sponges 
without cells 
In this study, cell viability is estimated as the re-
duction of mitochondrial dehydrogenase activity, 
measured by production of formazan from MTT at 
the end of the treatment. Test chemicals with re-
ducing properties might interfere with the MTT 
reduction test by direct conversion of MTT to for-
mazan, thus mimicking cellular mitochondrial ac-

tivity and leading to false cell viability values. Ac-
cording to the ECVAM skin corrosivity testing 
protocol, this interference reaction occurred for 
eight of the chemicals in this study; 
3-methoxypropylamine, dimethylisopropylamine, 
n-heptylamine, 2-tert-butylphenol, eugenol, 8N 
potassium hydroxide, potassium hydroxide (10%, 
aq.), and potassium hydroxide (5%, aq.). In the 
ECVAM skin corrosivity validation study, 
MTT-reducing properties also influenced the re-
sults obtained with EpiDerm and EPISKIN for one 
chemical, n-heptylamine (Fentem et al., 1998, 
Liebsch et al., 2000). In the EPISKIN test, 
n-heptylamine was falsely classified as negative, 
because 80% cell viability was indicated upon 
3-minute exposure, and abnormally high cell vi-
ability (340%) was indicated after 1 hour and 4 
hours. In the EpiDerm validation study, 
n-heptylamine gave a mean viability of 43% upon 
3-minute exposure, was and this increased to 55% 
upon 1-hour exposure. Liebsch et al. discussed this 
problem in detail and concluded that 
n-heptylamine needs to be applied for longer than 
3 minutes to the skin models (or to the supporting 
collagen (EPISKIN) or polycarbonate membrane 
(EpiDerm) structures) to interfere significantly 
with the MTT test results (Liebsch et al., 2000). 
They have subsequently tested n-heptylamine 
again according to a modified protocol which per-
mits quantification of the interference of MTT re-
duction. According to the modified protocol, 
whenever a direct MTT-reducing effect is identi-
fied by mixing the chemical with the MTT medium, 
the normal exposure test is performed in parallel 
with viable and non-viable (killed beforehand by 
deep freezing) EpiDerm models to quantify both 
the true viability and the direct MTT reduction 
effect caused by a residue of the chemical. For the 
1-hour exposure with n-heptylamine, the modified 
protocol gave a 30% “viability” due to chemical 
reduction of MTT, which means that the 55% vi-
ability determined in the earlier study should be 
corrected to 25%. 

In addition to n-heptylamine, several test 
chemicals in this study, showed the potential to 
interfere with the MTT test. This result may be a 
consequence of the difference in structure between 
a two-layer skin model consisting of dermis and 
epidermis (Vitrolife-Skin) and epidermal models 
(EpiDerm and EPISKIN). The Vitrolife-Skin 
model uses a collagen sponge to construct the 
dermal layer, and this allows test chemicals to be 
easily absorbed and bound, compared with epi-
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dermal models consisting of only an epidermal 
layer and supporting material. In this study, tests 
using collagen sponges without cells, instead of 
non-viable Vitrolife-Skin models, were performed 
for the eight chemicals with the potential to inter-
fere with the MTT assay. 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% viabil-
ity 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 
incorrectly classified as negatives by testing with-
out using blank collagen sponges, should correctly 
be classified as corrosive by adding blank collagen 
sponge tests, 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 prediction 
of corrosivity was not changed. 
 
2. Comparison of skin models; Vitrolife-Skin 
and EpiDerm 
Several chemicals known to be corrosive in vivo 
were falsely classified as negatives in phase I of 
the EpiDerm test after a 3-minute exposure 
(Liebsch et al., 2000). It was concluded that the 
predictive value of the test was not sufficient, 
given the low sensitivity of 65% (in other words, 
only 65% of the in vivo corrosive chemicals were 
identified correctly, whereas 35% were incorrectly 
classified as non-corrosive). Therefore, in the re-
vised protocol and prediction model in phase II 
and III of the EpiDerm test, chemicals were tested 
using 3-minute and 1-hour exposure times to in-
crease the test sensitivity. As a result, several cor-
rosive chemicals that were incorrectly classified 
after 3-minute exposure (cell viability ≥ 50%), 
such as sulfuric acid (10% wt), hydrochloric acid 
(14.4%), and allyl bromide, were identified cor-
rectly as corrosive following a 1-hour exposure 
time (cell viability < 15%). Hence, the test sensi-
tivity was improved from 72% to 88% in phase III 
of the Epiderm study. With the Vitrolife-Skin 
model, most of the corrosive chemicals were cor-
rectly classified using a 3-minute exposure time 
only (cell viability < 50%). Two chemicals, sulfu-
ric acid (10% wt) and iron (III) chloride, gave 
more than 50% cell viability after 3-minute expo-
sure and less than 15% cell viability after 1-hour 

exposure, such that it was correctly predicted as 
corrosive only following the 1-hour exposure test. 
Furthermore, corrosive chemicals that remained 
incorrectly classified in the revised prediction 
model of the EpiDerm study, such as methacrolein, 
were correctly classified as corrosive using the 
Vitrolife-Skin model. 
 
3. Comparison of chemical application proce-
dures 
3-1. Chemical exposure time 
The above results suggest that if the exposure time 
is insufficient, certain chemicals produce 
false-negative results (Morikawa et al., 2002). This 
may be because these chemicals have lag times 
between chemical exposure and induced cytotoxic-
ity. In our previous study, we showed that cytotox-
icity determined by the MTT method increased 
gradually following application of a chemical such 
as tributyltin chloride, (Morota et al., 1999). For 
the same reason, it was proposed that chemicals 
were to be tested with not only 3-minute but also 
1-hour exposure times in the EpiDerm skin corro-
sivity test, but this also carries the concern that the 
increase in the test sensitivity might be paralleled 
by a decrease in the specificity of the test, due to 
over-prediction (Liebsch et al., 2000). Specificity 
was reduced from 100% to 86% and the corrosiv-
ity of a few chemicals, such as 2,4-xylidine 
(2,4-dimethylaniline), o-methoxyphenol (guaiacol), 
and sulfamic acid, was over-predicted by the 
1-hour exposure test. With the Vitrolife-Skin 
model, the corrosivity of two in vivo non-corrosive 
chemicals, sulfamic acid and sodium lauryl sulfate 
(20%), was over-predicted, based on the low cell 
viability obtained upon 1-hour exposure. This re-
sult may have occurred because the barrier func-
tion of cornified layers of the cultured skin model 
is less effective, compared with human skin tissue 
(Kojima et al., 2000). In addition, as chemical ex-
posure times become longer, stronger cytotoxicity 
occurs due to the accumulation of chemicals which 
permeate through the cornified layer of the skin 
model. On the other hand, chemicals which per-
meate through the cornified layer of human skin 
tissue can then diffuse and are diluted into sur-
rounding tissues. 
 
3-2. Novelty of the post-incubation (PI) method 
To resolve these problems, we have developed a 
novel chemical application procedure, which is 
termed the post-incubation (PI) method (Morota et 
al., 1999, Morikawa et al., 2002). In this method, a 
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short chemical exposure time (10 minutes) is used 
to determine differences in permeability of the 
cornified layer. Furthermore, additional overnight 
(15-18 hours) culturing in a large amount of media 
(1.5-2.0 mL) after exposure is used to reduce the 
number of false-negative results. In addition to the 
validation studies for skin corrosion, ECVAM has 
funded validation studies on in vitro tests, includ-
ing human skin models for skin irritation (Fentem 
et al., 2001, Portes et al., 2002, Zuang et al., 2002), 
and the revised EPISKIN protocol for skin irri-
tancy testing is quite similar to our PI method. In 
the initial EPISKIN protocol, a long exposure time 
(18 hours) was adopted, but in the revised protocol 
the exposure time was significantly reduced to 15 
minutes. However, after removing the test chemi-
cal, the revised EPISKIN protocol includes cultur-
ing for a further 18 hours to allow for the eventual 
development of damage and reduction of cell vi-
ability over time. As a result, the predictive ability 
of the revised EPISKIN protocol was improved 
from 58% to 75% in a study of 20 chemicals 
(Portes et al., 2002, Zuang et al., 2002). 
 
3-3. Interference reactions with the MTT assay 
Interference reactions with the MTT assay, as de-
scribed above, were not observed using the PI 
method, and this is a significant difference from 
the observations made with the ECVAM skin cor-
rosivity testing protocol. It is proposed that 
chemicals in the skin model diffuse thoroughly and 
are diluted into the surrounding media during the 
additional cultivation period. Therefore, chemicals 

that are under-classified by the ECVAM skin cor-
rosivity testing protocol due to direct MTT reduc-
tion, such as 3-methoxypropylamine and 
n-heptylamine, were correctly predicted as corro-
sive by the PI method. This is considered to be one 
of the main advantages of the PI method, although 
interference with the MTT test can be accounted 
for by use of the blank test using collagen sponges 
without cells. 
 
3-4. Predictability of the post-incubation (PI) 
method 
The correlation between in vivo classification and 
Vitrolife-Skin in vitro predictions is shown in Ta-
ble 4. Testing according to the protocol of the 
EpiDerm skin corrosivity validation study gave a 
sensitivity of 84% and a specificity of 89%, similar 
to the values obtained in the EpiDerm study itself 
(sensitivity = 88%; specificity = 86%) (Liebsch et 
al., 2000). In contrast, data obtained using the PI 
method had a lower specificity of 79% but a much 
higher sensitivity of 95% (Table 4). As shown in 
Table 3, this is because the corrosivity of several 
chemicals, such as tetrachloroethylene, eugenol, 
sulfamic acid, potassium hydroxide (5%, aq.), cin-
namaldehyde, and sodium lauryl sulfate (20%, aq.), 
was over-predicted. Interestingly, the corrosivity of 
these chemicals was also over-predicted by the 
EPISKIN and EpiDerm models (Fentem et al., 
1998, Liebsch et al., 2000). It is a particularly im-
portant problem to distinguish chemicals that are 
severe irritants and yet are non-corrosive from 
chemicals that are corrosive. In this study, most of 

 

Table 4. Correlation of in vivo classification and Vitrolife-Skin in vitro predictions. 

 Vitrolife-Skin in vitro prediction 

 
Testing according to the EpiDerm skin 

corrosivity validation study 

Testing using the 

post-incubation (PI) method

Positive (Corrosive) 16/47 18/47 

False-negative 3/47 1/47 

Negative (Non-corrosive) 25/47 22/47 

False-positive 3/47 6/47 

Sensitivity 16/19 (84%) 18/19 (95%) 

Specificity 25/28 (89%) 22/28 (79%) 

Corrosive predictivity 16/19 (84%) 18/24 (75%) 

Non-corrosive predictivity 25/28 (89%) 22/23 (96%) 

Accuracy 41/47 (87%) 40/47 (85%) 
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the severely irritant and yet non-corrosive chemi-
cals (PII > around 4) gave a cell viability of less 
than 20%, and were falsely classified as positives. 
In the ECVAM skin corrosivity validation study, 
both the over-prediction rate of non-corrosive 
chemicals and the under-prediction rate of corro-
sive-chemicals were tentatively defined as less 
than 20%, as the best possible expected outcome 
(Fentem et al., 1998). We had anticipated that re-
duction of the corrosive criteria in the Vitro-
life-Skin in vitro prediction would lead to slightly 
higher specificity, but this did not occur. Hence, it 
may be necessary for the exposure time (10 min-
utes) and/or the additional culturing time (15-18 
hours) in the PI method to be shortened to reduce 
the over-prediction rate for non-corrosive chemi-
cals. In addition to the investigation of a suitable 
exposure time, it is important to evaluate the time 
course for cell viability after exposure and the rela-
tionship to skin corrosion, because it is known that 
skin corrosion shows a high correlation with skin 
cell cytotoxicity, which occurs immediately after 
exposure of the skin barrier to corrosive chemicals. 
We anticipate that the PI method using the Vitro-
life-Skin model will be able to predict skin corro-
sivity, following refinement of the procedure. In 
the future, human skin models will become very 
useful for predicting in vivo skin corrosivity and 
for studying the mechanistic aspects of such corro-
sivity. 
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