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a b s t r a c t

Efforts to fully replace the in vivo Draize skin irritation test, according to the Directive 67/548/ECC or
OECD TG 404, were reinforced with the seventh Amendment of the Cosmetic Directive and the REACh
regulation. In 2007, the EpiSkinTM test method was scientifically validated and recognized as the stand
alone method to discriminate skin irritants (R38) from non-irritants (no label) according to the definition
of the EU risk phrases. An ECVAM performance standards (PS) document was defined to evaluate the
accuracy and reliability of other analogous test methods (ECVAM SIVS, May 2007). The present test
was designed to determine the reliability and relevance of the Reconstructed Human Epidermis (RHE)
model commercialized by SkinEthicTM. The RHE skin irritation test method consisted to topically apply
topically the test substances for 42 min followed by a 42 h post-incubation. The main selected endpoint
was the cell viability (MTT reduction), with a threshold of 50% viability. The RHE test method showed a
good intra and inter-laboratory reproducibilities in a multicentric study involving three independent lab-
oratories. The SkinEthicTM RHE test method showed to be relevant and reliable with a sensitivity of 90%
and a specificity of 80% (MTT only) and was not improved by integrating another endpoint such as IL-
1a. The overall accuracy was 85% resulting in the recognition of the SkinEthicTM RHE test method, by
the ECVAM Scientific Advisory Committee in November 2008, as a stand alone replacement test method
for the Draize rabbit in vivo test, as a screen, or as part of a sequential testing strategy in a weight of evi-
dence approach, for classifying non-irritant and irritant test substances, depending on country
requirements.

� 2009 Elsevier Ltd. All rights reserved.

1. Introduction

The potential for a test substance to cause skin irritation is an
important consideration for safety procedures and is therefore re-
quired by the various regulatory authorities for notification and
import of test substances. The OECD Guideline 404 for acute der-
mal irritation and corrosion testing of chemicals, and the guideline
for non-clinical dermal tolerance testing of medicinal products are
currently based on the method described by Draize et al. (1944)
(European Commission: Method B.4 of Annex V to Directive 67/
548/ECC). However, special attention is carried to be given to pos-
sible improvements in animal welfare. In addition, the European
regulation for chemicals (REACh: Registration, Evaluation, Authori-

zation, and Restriction of Chemicals, June 2007) prescribed the use
of alternative methods to animal testing, as well as the seventh
Amendment to the EU Cosmetics Directive, decrees a complete
ban on animal testing for cosmetic ingredients (European Commis-
sion: Directive 76/768/ECC).

Since the 1980s, various reconstructed human epidermis mod-
els have been developed and used for skin irritancy testing such as
EpiSkinTM (Tinois et al., 1991; Bell et al., 1981), LabCyte EPI-MOD-
ELTM (Niwa et al., 2009), CellSystems EST-1000 (Hoffmann et al.,
2005), EpiDermTM (Cannon et al., 1994), OS-Rep Phenion� skin
model technologies (Poumay et al., 2004) and SkinEthicTM RHE
(Kandárová et al., 2006a). The importance of developing and vali-
dating methods for the prediction of skin irritation has been well
documented by ECVAM which has funded prevalidation studies
on five in vitro tests for acute skin irritation (Fentem and Botham,
2002). From 2003 to 2006, out of the five in vitro test methods
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initially evaluated, only the EpiSkinTM and EpiDermTM skin irritation
tests went through the whole validation process (Spielmann et al.,
2007). A common test protocol was used for both reconstructed
human epidermis models, and EpiskinTM test method was described
as the only stand alone test method for full replacement of the Dra-
ize in vivo skin irritation test showing sufficient sensitivity and
specificity (Hoffmann, 2007; Eskes et al., 2007; ECVAM Statement,
2007). With the completion of the validation study, performance
standards for applying human skin models to in vitro skin irritation
testing were defined (ECVAM SIVS, 2007). These performance stan-
dards can be then used to evaluate the accuracy and reliability of
other analogous test methods (also referred as ‘‘me-too” tests) that
are based on similar scientific principles and measure or predict
the same biological or toxic effect.

The aim of the present study was to demonstrate the similarity/
equivalence of the in vitro SkinEthicTM RHE skin irritation assay in a
formal inter-laboratory study, on the basis of the validated Epi-
SkinTM reference test method. The RHE tissue which mimics the
three-dimensional structure of the human epidermis was first re-
leased by Martin Rosdy in 1989 (Rosdy and Clauss, 1990; Fartasch
and Ponec, 1994; Kandárová, 2006; Kandárová et al., 2006a). The
reconstructed epidermis test system was used in a toxicity ap-
proach to the prediction of skin irritation potential of pharmaceu-
tical products (de Brugerolle de Fraissinette et al., 1999), and a
specific protocol was developed for the testing of finished products
applicable for cosmetic formulations (De Wever and Charbonnier,
2002). Usually a prediction model with a cut-off value of 50% via-
bility, was defined to classify test substances as irritant (I) or non-
irritant (NI) (Kandárová et al., 2006b; Tornier et al., 2006). In addi-
tion, previous works have demonstrated that the culture environ-
ment allowed the detection of cytokines released or secreted by
the epidermis in response to topical application of test substances
(Doucet et al., 1996; Coquette et al., 1999). An optimized test
method based on a 42 min application for both liquids and solids
followed by a 42 h post-incubation period before assessment of tis-
sue viability was established by Tornier et al. (unpublished data)
and was assessed in the present work in three laboratories, under
blind conditions.

2. Materials and methods

2.1. Functional reconstructed human epidermis (RHE) model
conditions

The SkinEthicTM reconstructed human epidermis (RHE) model
consists of normal, human-derived keratinocytes, which have been
cultured to form a fully differentiated three-dimensional epidermis
cultured for 17-days on an inert polycarbonate filter at the air–li-
quid interface in a chemically defined medium (Rosdy and Clauss,
1990; Rosdy et al., 1993) (Fig. 1). Characterization and comparison
of SkinEthicTM RHE model and the reference validated EpiSkinTM

model were performed, demonstrating that these tissues test sys-
tems reproduced many of characteristics of normal human epider-

mis (Boelsma et al., 2000). The expression of epidermis
differentiation markers like cytokeratin 1, filaggrin, transglutamin-
ase, involucrin in RHE tissues has historically been described by
Rosdy and Clauss (1990). The RHE model, which express cytokera-
tin 10 (CK10), a specific marker of keratinizing epidermis, also pre-
sents a differentiation pattern comparable to the EpiSkinTM model
and to the normal human epidermis. The synthesis of specific lip-
ids including ceramides, and particular acylceramides, which are
known to be responsible for the water barrier of stratum corneum
was detected (Ponec et al., 1988; Cumpstone et al., 1989; Kandá-
rová, 2006 ).

The reconstructed 0.5 cm2 epidermis was received on day 18,
and maintained overnight in a nutrient medium at 37 �C, 5% CO2,
according to SkinEthic’s procedures (SkinEthic Laboratories,
France). Different batches of the RHE tissues were used by all par-
ticipating laboratories during the multicentric study (runs 1–5). A
quality control data sheet was provided with every batch of tissue
including histology, viability and safety data. Each RHE batch is
tested for MTT reduction viability test using negative control tis-
sues. The mean optical density (OD) value for 41 cell donors (from
2000 to 2007) is 1.05 ± 0.10, demonstrating the reproducibility of
this assay over the years. A resulting OD value threshold accep-
tance limit of 0.7 has been established. Prior testing, the barrier
function property of the tissue should also meet the historical
acceptability range defined by the producer (SkinEthic, ISO 9001
version 2008). This property is estimated by the exposure time re-
quired to reduce cell viability by 50% (ET-50) upon application of
1% Triton X-100. The reproducibility of the ET-50 on RHE model
has been evaluated on 21 cell donors from 2005 to 2007, with an
overall mean for ET-50TritonX-100 values of 5.58 ± 0.83 h. An upper
ET-50 threshold acceptance limit has been established for the ET-
50TritonX-100 criteria ranging from 4 to 9 h. The third SkinEthic qual-
ity control criteria, is based on histological examination. The tis-
sues exhibit four to seven viable layers comprising at least basal,
suprabasal, spinous and granular cell layers, and a stratum cor-
neum. The overall mean of living cell layers over 41 cell donors
from 2000 to 2007 is 5.51 ± 0.55.

2.2. Selection of test substances

The reference test substances (10 non-irritants, 10 irritants),
used in this study were selected in accordance with the Perfor-
mance Standard document (ECVAM SIVS, 2007). Both liquid and
solid test substances were included in the experiments (Table 1).
It is important to note that three misclassified test substances were
selected for improvement assessment of the performance with a
new skin model, or modified test protocol compared to the
in vitro validated method (Spielmann et al., 2007). The 20 test sub-
stances were coded by Vitroscreen and tested under blind condi-
tions in three laboratories: L’Oréal (Lead Lab, France), Coty
(Monaco), and Oroxcell (France).

Sodium dodecyl sulfate (SDS 5% W/V aqueous solution) was
used as reference irritant (positive control) and phosphate buffer

A: in vivo Human Epidermis  B: in vitro Reconstructed Human Epidermis 

Fig. 1. Comparison between in vivo human epidermis (A) and the in vitro reconstructed human epidermis model (B) (SkinEthic Laboratories). Histological cross section
(hematoxylin/eosin staining, magnification 20�).
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solution (PBS without Ca++ and Mg++) served as negative control, in
each series of experiments. The negative control data meet the
acceptance criteria if the mean optical density (OD) value of the
three tissues is P1.2 at 570 nm according to the historical data-
base. The standard deviation (SD) value is considered as valid if
it is 618%, according to the performance standards (PS: ECVAM
SIVS, 2007). The positive control data meet the acceptance criteria
if the mean viability, expressed as % of the NC, is <40% and the stan-
dard deviation value is 618%. Therefore, the run is only valid if
both positive and negative controls meet their respective accep-
tance criteria. According to the PS document, the SD obtained from
three concurrently tested tissues and in three independent runs is
618% for a test substance.

2.3. 42 min exposure + 42 h post-incubation protocol (‘‘42 bis”)

RHE tissues were topically exposed to undiluted liquids
(16 ± 0.5 lL i.e. 32 lL/cm2) or solids (16 ± 2 mg i.e. 32 mg/cm2)
for 42 min at room temperature. Prior applying solids, 10 ± 0.5 lL
(20 lL/cm2) of distilled water was spread on the whole surface of
RHE tissue. A nylon mesh (7.5 mm diameter, Sefar Fyltis, France)
was applied onto the test substance as a spreading support for
all liquid and viscous test substances. RHE tissues were then rinsed
25 times with 1 mL each time of sterile PBS without Ca++ and Mg++

using a multistep pipette. Treated tissues were incubated for 42 h
at 37 �C, 5% CO2, with 2 mL growth medium. At the end of the incu-
bation, in addition to the MTT reduction test on the tissues sam-
ples, the test media underneath were collected to determine the
cytokine IL-1a release. Each experiment was performed at least
in triplicate on one tissue production batch.

2.4. Cell viability measurement by MTT reduction

The cytotoxicity was determined by measuring the dehydroge-
nase activity of viable keratinocytes following a 42 h post-incuba-

tion. The activity was determined after incorporation of 3-[4,5-
dimethyl-thiazol-2-yl]-2,5-diphenyl tetrazolium bromide (MTT,
Sigma–Aldrich) (Mosmann, 1983; Korting et al., 1994). RHE tissues
were placed in 1 mg/mL MTT solution for 3 h. The blue formazan
crystals were then extracted from the tissue using isopropanol for
at least 2 h. The concentration of formazan was measured by deter-
mining the optical density (OD) at 570 nm by spectrophotometer.

After subtracting the blank OD from all raw data, mean OD val-
ues ± standard deviations (SD) were calculated using nine mea-
surements per test substance (three RHE tissues, three replicates/
tissue) and the percentage of cell viability was expressed relative
to negative control as: 100 �mean ODtreated/mean ODcontrol. The
negative control value was set at 100%. For each test substance, cal-
culations of the OD values were performed for each of the three
replicate tissues in each laboratory.

The ability of the test substance to directly reduce MTT was also
assessed. For MTT-interacting test substances a direct interaction
between test substance and MTT reagent was assumed and quan-
titatively measured on frozen-killed RHE tissues. The percentage of
MTT reduction of a test substance was expressed relatively to OD
value of the negative untreated killed tissues and considered as
incompatible with the test when the MTT-reducing test substance
value was above 30%.

2.5. IL-1a release

The inflammatory response was evaluated by the quantification
of the specific human cytokine, interleukin-1 alpha (IL-1a, Dina-
rello, 1991; Corsini et al., 1996; Doucet et al., 1996; Coquette
et al., 1999) using a commercial enzyme linked immuno-absorbent
assay (ELISA) kit (Quantikine� Human IL-1a/IL-1F1 Immunoassay,
from R&D systems UK). The analyses were performed according to
manufacturer’s instructions. The detection limit of the assay was
1 pg/mL. Mean concentrations (pg/mL) ± standard deviations (SD)
were calculated (one replicate per tissue and three tissues per test

Table 1
Current reference test substances of the performance standards (ECVAM SIVS, May 2007) and their respective characteristics.

Test substance
number

Test substance name CAS
Number

Purity
(%)

Substance type Supplier S/
L

In vivo
scorea

EU in vivo
Class.

GHS in vivo
Class.b

1 1-Bromo-4-chlorobutane 6940-78-9 99.0 Brominated
derivative

Aldrich L 0 No No Cat.

2 Diethyl phthalate 84-66-2 99,5 Ester Aldrich L 0 No No Cat.
3 Di-propylene glycol 25265-71-

8
99 Alcohol Aldrich L 0 No No Cat.

4 Naphthalene acetic acid 86-87-3 97 Aromatic compound Aldrich S 0 No No Cat.
5 Allyl phenoxy-acetate 7493-74-5 99 Ester Aldrich L 0.3 No No Cat.
6 Isopropanol 67-63-0 99,5 Alcohol Aldrich L 0.3 No No Cat.
7 4-Methyl-thio-

benzaldehyde
3446-89-7 95 Aldehyde Aldrich L 1 No No Cat.

8 Methyl stearate 112-61-8 99 Ester Aldrich S 1 No No Cat.
9 Allyl heptanoate 142-19-8 >97 Ester Aldrich L 1.7 No Cat 3
10 Heptyl butyrate 5870-93-9 98 Ester Aldrich L 1.7 No Cat 3
11 Hexyl salicylate 6259-76-3 >99 Ester Aldrich L 2 R38 Cat 3
12 Terpinyl acetate 80-26-2 90 Ester Alpha

Aesar
L 2 R38 Cat 3

13 Tri-isobutyl phosphate 126-71-6 >99 Ester Aldrich L 2 R38 Cat 3
14 1-Decanol 112-30-1 99 Alcohol Aldrich L 2.3 R38 Cat 2
15 Cyclamen aldehyde 103-95-7 90 Aldehyde Aldrich L 2.3 R38 Cat 2
16 1-Bromohexane 111-25-1 98 Brominated

derivative
Aldrich L 2.7 R38 Cat 2

17 a-Terpineol 98-55-5 95 Alcohol Alpha
Aesar

L 2.7 R38 Cat 2

18 Di-n-propyl disulphide 629-19-6 99 S-containing
compound

Alpha
Aesar

L 3 R38 Cat 2

19 Butyl methacrylate 97-88-1 99 Ester Aldrich L 3 R38 Cat 2
20 Heptanal 111-71-7 95.0 Aldehyde Aldrich L 3.4 R38 Cat 2

a In vivo score in accordance with the OECD Test Guideline 404.
b Substances with an in vivo score <2.3 (=non-irritants under GHS). Double black line: threshold under EU and GHS classifications (Spielmann et al., 2007).
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substance in each laboratory). IL-1a released was expressed either
as absolute IL-1a data, negative control (NC) corrected data, or rel-
ative to untreated controls as: mean concentrationtreated/mean
concentrationcontrol.

2.6. Prediction model

Based on EpiSkinTM validated reference test method, 39 commer-
cially available test substances were tested in the laboratory of the
skin model producer, SkinEthic Laboratory prior to the catch-up
study. The prediction model (PM1) was based on the relative test
substance tissue viability compared to the negative control-treated
viability (100%). The test substance was considered to be a skin
irritant, in accordance to European classification system (ECS), if
the tissue viability was less than or equal (6) to 50%.

In order to increase the sensitivity of the test method, three
additional prediction models (PM 2–4) combining MTT and IL-1a
endpoints were proposed before the catch-up study based on the
absolute data of IL-1a; negative control (NC) corrected data, and
fold increase, respectively (Table 2).

2.7. Statistical analysis

Data submission templates (MTT and IL-1a spreadsheets) were
password-protected before passing them to the three testing facil-
ities. An independent statistical analysis was performed by Effi-
Stat (Paris, France) to assess intra and inter-laboratory reproduc-
ibility. The main analyses undertaken on the results were related
to the determination of means, standards deviation (SD), and coef-
ficient of variation (CV). In addition, statistical analyses of variance
(1-way ANOVA, significance difference level of 1%), and the corre-
lation according to Bravais–Pearson (comparison of pairs of runs)
were completed. Contingency table statistics were used for evalu-
ating the reproducibility and predictive ability of the RHE method.

3. Results

3.1. Transfer phase

Having never used the SkinEthic’s RHE test method, Oroxcell
Laboratory was considered as ‘‘naïve” since, though trained in con-
duct of the RHE test method, they had not used the assay outside

this training context. Coty Laboratory routinely used the RHE mod-
el but was not familiar with this new test method. Training on the
conduct of the SkinEthicTM RHE test method and use of the labora-
tory documentation was provided by SkinEthic’s Laboratories to
the three participating laboratories. Practical and technical transfer
of the RHE test method to the laboratories was feasible within a
short period of training (no more than 1–3 days training). The
spectrophotometer conditions are equipment dependent and were
set up accordingly in each laboratory. This assay is a straightfor-
ward assay to be conducted. When comparing the data obtained
at L’Oréal and those obtained at Oroxcell (naïve laboratory), the re-
sults showed the ease of the transferability of this method (narrow
inter-laboratory variability not shown data).

3.2. Quality control of RHE tissues

According to SkinEthic’s quality control criteria, functionality
model conditions (viability, barrier function, and histology) were
evaluated on each RHE batch. A RHE tissue batch was considered
as conform if the following criteria were met: the mean OD values
of the negative control obtained at day 17 were above 0.7 (viability
MTT test), the ET-501%TritonX-100 values were ranged from 4 to 9 h,
and normal histology (at least four viable cell layers and a stratum
corneum) was observed.

In this study, the acceptance criteria for both viability and
barrier functions were met with a mean OD of 1.38 ± 0.14 (CV
10.33) and a mean ET-50-value of 5.47 ± 0.36 (CV 6.61), respec-
tively (Table 3). An absence of significant histological alteration
was observed.

3.3. Test method acceptance criteria

PBS negative control (NC) and 5% SDS positive control (PC) were
tested in parallel to the test substances to demonstrate that viabil-
ity, and the resulting tissue sensitivity of the SkinEthicTM RHE model
were within the defined acceptance range. Similar viability mea-
surements (e.g. expressed as absolute OD of the vital dye based
on the tissue replicates of the NC) throughout all runs in the three
laboratories were observed for both negative and positive controls
(Fig. 2). The OD values of the negative control, PBS (2.22 ± 0.20 OD
units) were within the range of the measured historical values and
met the acceptance criteria of OD > 0.7. A marked decrease of cell

Table 3
Quality control data corresponding to SkinEthic RHETM tissues used by partners for experiments 1 to 5.

Tissues characteristics WLV – BLV studies

Run 1 Run 2 Run 3 Run 4 Run 5

Batch PK2 HRS 140 PK2 HRS 15 PK2 HRS 16 PK2 HRS 17 PK2 DL 19
Lot number 07 022A 110 07 022A 1110 07 022A 1204 07 022A 1208 08 022A 0603
OD 1.266 ± 0.043 1.506 ± 0.053 1.348 ± 0.085 1.235 ± 0.083 1.555
ET50 (h) 5.72 5.64 4.90 5.32 5.76

Table 2
Four prediction models based on both the MTT and IL-1a endpoints.

Prediction model (PM) Criteria for in vitro interpretation IL-1a analyses criteria Classification system

MTT endpoint IL-1a endpoint

For all PMs Mean tissue viability is 650% No impact on classification No impact on the classification Irritant (I)

PM1 Mean tissue viability is >50% Not applicable Non-irritant (NI)
PM 2 P60 pg/mL Absolute data: mean [IL-1a treated tissues] I

<60 pg/mL NI
PM 3 P50 pg/mL NC corrected data: mean [IL-1a treated tissues]/

mean [IL-1a negative control tissues]

I
<50 pg/mL NI

PM 4 P5 Fold increase: mean [IL-1a treated tissues]/
mean [IL-1a negative control tissues]

I
<5 NI
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viability was observed with the positive control SDS 5% ranging
from 0.62% to 1.76% (1.12% ± 0.30). The standard deviation (SD)
associated with the mean of the tissue replicates of a substance
may also indicate defects in single tissues or inappropriate dosing.
In this study, 204 of 206 SD obtained within the three laboratories
were between 0.01 and 12.83 range, and significantly below the
acceptance cut-off value of 18% (Table 4). Taking into account the
good reproducibility of all applied measures for both positive and
negative controls, the intra- and inter-laboratory variability of
the twenty test substances was evaluated.

3.4. Intra and inter-laboratory variability

The main analyses undertaken on the results for the twenty
substances, were related to the determinations of means cell via-
bility, and standard deviations (SD) for the three valid runs per test
substance (Table 5). None of those test substances showed a
SD > 18%, demonstrating the reproducibility of the SkinEthicTM

RHE test method for both laboratories 1 and 2. For laboratory 3,
one test substance (number 2, diethyl phthalate) showed a mean
cell viability of 66.99% with a SD > 18% when considered the third

run (invalid run). Focusing on the three valid runs (run 1, 2, and 5),
the diethyl phthalate showed a SD of about 8%. Only one out of 20
test substances (number 5, allyl phenoxy-acetate) showed a
SD > 18% as unacceptable, in one laboratory. The standard devia-
tion means value of 18 was also applied as an inter-laboratory (9
valid runs) variability criterion. None of the 20 test substances
had a standard deviation larger than 18%, indicating a high repro-
ducibility between the three laboratories (Table 5).

Analyses of variance (1-way ANOVA, significance level of 1%),
coefficient of variation (CV), and Bravais–Pearson’s correlation
were also performed (data not shown). Briefly, the Bravais–Pearson
correlation, which calculates the correlation of the mean cell via-
bility for the pairs of runs for the 20 test substances, was above
0.979 in the three laboratories. Limited ANOVA/t-test p -values
were below 0.01 and no ANOVA sum of squares was above 2605
for all test substances. The proportion of identically classified test
substances derived from the prediction model was 100% for both
laboratories 1 and 2 and 95% for laboratory 3, when considering
alls runs.

Regardless the analyses, low intra and inter-runs variability for
all laboratories was observed with the negative and positive con-
trols, and the 20 reference test substances indicating a significant

A: Response of the negative control B: Relative response of the positive control  
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Fig. 2. A comparison of the response of the negative (PBS treated tissues) and positive (5% SDS) controls was performed. Each laboratory provided at least three independent
runs (three tissues per run) for each control. The responses of both the negative (A) and the positive (B) controls fell in the same range through the three laboratories. Both OD
and cell viability values threshold acceptance limits of >0.7% and <40% were met for negative and positive controls, respectively.

Table 4
Standard deviation of the variability of all runs in the three laboratories of the 20 substances in addition to negative (NC) and positive (PC) controls. Runs, which were not
considered in the three valid runs, are marked grey (dark grey = non-valid runs (SD > 18 for run 3 and only 2 accepted tissues for run 4), light grey = ’extra’ runs). nd: not done.
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Table 5
MTT cell viability (individual runs and mean) and standard deviation (SD) at L’Oréal, Coty and Oroxcell Laboratories [a: Test substance 2 (diethyl phthalate) had two non-valid runs (run 3 with a SD > 18, and run 4 with technical
problems with the treated tissue number 2), and three valid runs (runs 1, 2, and 5); test substances 5 and 9 (allyl phenoxy-acetate and allyl heptanoate, respectively) were re-tested in a fourth run (blind study) but the three first runs
data met the acceptance criteria. The data of run 4 were taken into account only for statistical analyses of all runs]. Light grey cells: runs, which were not considered for the three valid runs (bold = non-valid runs, not bold = ’extra runs);
Grey cells: chemical with SD > 18.
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promising intra- and inter-laboratory variability using the SkinE-
thicTM RHE test method.

3.5. Predictive capacity

The specificity and sensitivity over all runs per laboratory were
evaluated based on the four predictive models (PM) described in
Table 2. All the PMs were firstly based on the MTT threshold of
50% cell viability and then IL-1a different response levels of the
test substances were eventually considered. The means of the total
IL-1a amount release (pg/mL) for all runs of all tested substances,
in the three laboratories were summarized in Table 6. The sub-
stances classified as irritant had a tendency to induce higher IL-
1a released as measured by all laboratories. When considering
the median over all laboratories, none of IL-1a release of those test
substances showed a SD > 18%.

Applying the proportion of identically classified test substances
measure (non-irritants versus irritants), the results showed that all
test substances were identically identified in the three laboratories
with three valid runs (Table 7). In a pair-wise comparison of the
laboratories, the concordance of classifications was 100%.

The specificity and sensitivity over laboratory were also evalu-
ated and presented in Table 7. Considering the three valid runs
(n = 90), a specificity of 80% and a sensitivity of 90% was achieved
with an overall accuracy of 85% when using the PM1 (MTT end-
point only cut-off of 50%). When considering the mean either of
IL-1a, [IL-1a] NC corrected or IL-1a fold releases of all runs on
the median over all laboratories, the PMs 2–4 performed similar
results. No additional correctly classified irritants as positives were
identified, and none of the nine MTT non-irritants were falsely
classified as irritants. The specificity and sensitivity were about
80% and 90%, respectively, independently of the added IL-1a
parameter compared to those obtained using the MTT parameter
only.

4. Discussion

In this study, we described a SkinEthicTM RHE test method for
determining the irritant potency of a test substance, using basically
the same protocol than the validated reference EpiSkinTM test meth-
od with only minor refinements. Likewise, an exposure time period

of 42 min was optimal for the present test method to achieve very
good within and between-laboratory reproducibility and compara-
ble reliability and accuracy results. Only the exposure volumes and
exposure times were needed to be optimized for SkinEthic’s epi-
dermis test method while the basic elements of the method, a
post-incubation period of 42 h and the prediction model were
identical. Similarly, the same parameters were optimized for other
models such as EpiDermTM, LabCyte EPI-MODELTM, EST-1000 or Lei-
den human epidermal models (Spielmann et al., 2007; El Ghalbzo-
uri et al., 2008).

To compare the performance of the SkinEthicTM RHE test method
to the validated available epidermis test methods, twenty coded
test substances, which were considered to be essential for compar-
ison by ECVAM, were applied onto the in vitro model according to
the ‘‘42 bis” protocol. From the eleven independent runs with dif-
ferent RHE batches, the results obtained with the positive and neg-
ative controls showed that the test method had a high
repeatability. Therefore, both controls met the acceptance criteria
indicating that all runs were valid. This reproducibility was not
only seen for positive and negative controls on repeated experi-
ments, but also on measured individual endpoint for each test sub-
stance. In our experiments, the standard deviation was below 18%
(except for one non-irritating test substance, the diethyl phthal-
ate), and the Pearson correlation contained between 0.980 and
0.995. Similar variability was observed for the diethyl phthalate
when using the EpiDermTM test method (Spielmann et al., 2007).
Regarding the twenty test substances, the variability of the SkinE-
thicTM RHE test method was lower compared to the validated test
methods EpiskinTM and EpiDermTM test methods which have pro-
vided a standard deviation above 18% for 3 (4-methyl-thio-benzal-
dehyde, terpinyl acetate and di-n-propyl disulphide) and 5 (1-
bromo-4-chlorobutane, 4-methyl-thio-benzaldehyde, a-terpineol,
1-decanol, and terpinyl acetate) out of 20 test substances, respec-
tively. Based on the 20 test substances, the intra-laboratory con-
cordance was 95% as the non-irritant allyl phenoxy-acetate test
substance had provided a positive result amongst the 11 runs
(9% discordance) in which it has been tested. Based on SkinEthicTM

RHE and the endpoint MTT, the inter-laboratory variability of the
classification of the test substances showed that the reproducibil-
ity was above 99% in which 163 of 164 tests had provided similar
classification of the test substances. For both non-irritating and
irritating test substances, the overall inter-laboratory concordance

Table 6
Mean IL1-a (pg/mL) data measurements and its variability within the three laboratories. Italic font: chemicals classified as irritant according to the mean viability of MTT over all
runs per laboratory.

Test substance number EU class Mean IL1-a (pg/mL)

Lab1 Lab 2 Lab 3 Mean all labs SD all labs

1 No label 40.34 52.51 57.73 50.19 8.93
2 No label 9.72 18.36 25.53 17.87 7.91
3 No label 12.60 13.35 16.45 14.13 2.04
4 No label 7.92 9.46 5.10 7.50 2.21
5 No label 12.72 14.20 24.84 17.25 6.61
6 No label 17.68 19.48 19.30 18.82 0.99
7 No label 32.91 34.56 44.42 37.30 6.22
8 No label 10.18 13.17 16.52 13.29 3.17
9 No label 13.58 25.39 23.04 20.67 6.25
10 No label 24.49 24.56 30.35 26.47 3.37
11 R38 10.04 10.47 11.18 10.56 0.58
12 R38 91.34 73.34 73.43 79.37 10.36
13 R38 38.44 44.99 61.24 48.22 11.74
14 R38 39.92 33.40 52.36 41.89 9.64
15 R38 28.95 29.75 44.94 34.54 9.01
16 R38 51.49 47.72 59.37 52.86 5.94
17 R38 55.94 48.57 54.68 53.06 3.94
18 R38 44.52 42.40 61.19 49.37 10.29
19 R38 51.62 41.88 75.09 56.19 17.07
20 R38 37.02 29.19 48.46 38.22 9.69
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was 100%. The concordance between laboratories for the SkinE-
thicTM RHE was comparable to the reference validated EpiSkinTM test
method since only the di-n-propyl disulphide and terpinyl acetate
were classified differently amongst the three laboratories. The
overall inter-laboratory concordance was 90% and 75% for both val-
idated EpiSkinTM and EpiDermTM test method, respectively (Spiel-
mann et al., 2007). The high reproducibility of the results
obtained with the SkinEthicTM RHE test method indicated its ease
of use since this test method was successfully transferred to
laboratories that had never been using the test method protocol
before.

The catch-up validation study was in accordance with the de-
fined validation process which includes the establishment of a
prediction model. Interestingly, the results obtained in the three
laboratories with an overall accuracy of 85% met the specificity
(>80%), sensitivity (>70%) defined by ECVAM (ECVAM SIVS,
2007). The three same test substances were misclassified (1-bro-
mo-4-chlorobutane, 4-methyl-thio-benzaldehyde and hexyl salic-
ylate) with other epidermis test methods (Spielmann et al., 2007).
Therefore, no clear difference in the physicochemical properties
between the correctly and incorrectly classified test substances
was identified (Zuang et al., 2007). In this manuscript, four pre-
diction models were proposed with two endpoints (MTT and IL-
1a). The overall predictivity of the combination of both endpoints
was performed with the mean IL-1a amount, the absolute differ-
ence and the 5-fold increase. In this study, the detected differ-
ences for the test substances among the laboratories were not

being statistically significant for the IL-1a. However, compared
to the predictive capacity of the MTT alone (specificity: 80%; sen-
sibility: 90%), no increase in sensitivity and specificity were
achieved when using the three additional proposed combined
prediction models. Thus, the IL-1a does not seem to offer any
advantages, compared to the MTT only for the classification of
those twenty given test substances using the SkinEthicTM RHE test
method. For comparison with the EpiSkinTM test method, when the
combination of MTT and release IL-1a was used, a similar overall
performance (specificity: 80%; sensibility: 90%) was obtained
using these 20 reference test substances (Cotovio et al., 2005; EC-
VAM statement, May 2007). The IL-1a endpoint, tested with the
same 20 chemicals for the optimized EpiDermTM test method, gave
no contribution to the performance of the test method (ECVAM
statement, November 2008). The outcome of SIVS and update val-
idation studies stated that IL-1a endpoint was regarded as a use-
ful adjunct to the MTT assay, as it has the potential to increase
the sensitivity of the test, without reducing its specificity (Spiel-
mann et al., 2007; ECVAM statement, November 2008). Interest-
ingly, in a group of 10 irritants, two test substances (2-methyl-
4-phenyl-2-butanol and 4,4-methylenebis-(2,6-di-tert-butyl)phe-
nol) were classified as irritant using the IL-1a endpoint with
the Leiden reconstructed human epidermal (LHE) test method
compared to the MTT data only (El Ghalbzouri et al., 2008).
Therefore, inclusion of the interleukin-1 alpha (IL-1a) release as
an endpoint could be considered to confirm the test substances
classified as negative when using the MTT endpoint and might

Table 7
Predictive capacity for the four PMs. For the PM1, the classification was based on mean viability over all runs per laboratory. For PM2-4, the combined classifications (MTT and
IL1-a endpoints) represented in this Table were based on the median over all laboratories. NI, non-irritant (no label); I, irritant (R38).

Test
substance
number

Test substance
name

EU
class

PM1 PM2 PM3 PM4
MTT
classification
only

MTT + IL1-a classification
(cut-off: 60 pg/mL)

MTT + IL1-a NC corrected
classification (cut-off: 50 pg/mL)

MTT + IL1-a fold increase
classification (cut-off: 5)

Lab
1

Lab
2

Lab
3

1 1-Bromo-4-
chlorobutane

No
label

I I I I I I

2 Diethyl phthalate No
label

NI NI NI NI NI NI

3 Di-propylene
glycol

No
label

NI NI NI NI NI NI

4 Naphthalene
acetic acid

No
label

NI NI NI NI NI NI

5 Allyl phenoxy-
acetate

No
label

NI NI NI NI NI NI

6 Isopropanol No
label

NI NI NI NI NI NI

7 4-Methyl-thio-
benzaldehyde

No
label

I I I I I I

8 Methyl stearate No
label

NI NI NI NI NI NI

9 Allyl heptanoate No
label

NI NI NI NI NI NI

10 Heptyl butyrate No
label

NI NI NI NI NI NI

11 Hexyl salicylate R38 NI NI NI NI NI NI
12 Terpinyl acetate R38 I I I I I I
13 Tri-isobutyl

phosphate
R38 I I I I I I

14 1-Decanol R38 I I I I I I
15 Cyclamen

aldehyde
R38 I I I I I I

16 1-Bromohexane R38 I I I I I I
17 a-Terpineol R38 I I I I I I
18 Di-n-propyl

disulphide
R38 I I I I I I

19 Butyl
methacrylate

R38 I I I I I I

20 Heptanal R38 I I I I I I
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be of help to better classify the mild to moderate irritancy poten-
tial of some test substances.

The present catch-up study wad based on the ECVAM Perfor-
mance Standard (PS) document defined in 2007 following the EC-
VAM Skin Irritation Validation Study (ECVAM SIVS, May 2007).
Since, the SIVS was conducted prior to the adoption of the United
Nations Globally Harmonized System for the Classification and
Labeling of Substances (GHS, United Nations Economic Commis-
sion, 2003), the PS was based with respect to the two categories
European Classification System (ECS) (Hoffman et al., 2005). Of
the 20 test substances, 10 were irritants (labeled R38) and 10 were
non-irritants (not labeled) with an in vivo cut-off score of 2.0. With
respect to the GHS classification system, with a cut-off score of 2.3,
the unbalanced distribution of the GHS categories (13 non-irritant
versus 7 irritants) did not allow a representative determination of
the predictive capacity of the twenty test substances. Conse-
quently, our analysis of skin irritation presented here showed high
prevalence of the threshold ECS dominant median 2.0 and further
investigations directed towards evaluating of GHS classification
might be evaluated on test substances selected for this purpose
with a higher number of substances covering the range if irritancy.
As described in the introduction for an evaluation of local acute
skin effects, it is recommended to follow the sequential testing
strategy as appended to OECD Test Guideline 404 (OECD 404,
2002), in which prior to progressing to an in vitro test for skin irri-
tation test, the OECD testing strategy suggests initial consideration
for skin corrosivity. The tiered approach for testing and evaluating
both skin corrosion and irritation potential might incorporates the
use of existing validated in vitro methodologies such as SkinEthicTM

RHE test methods. This testing strategy includes the conduct of
in vitro validated test method for skin corrosion (Kandárová
et al., 2006b; Tornier et al., 2006; ECVAM statement, November
2006) and skin irritation here. To highlight this strategy, the EU
test method B.46 on reconstructed human epidermis models (Epi-
SkinTM, SkinEthicTM RHE and EpiDermTM) for skin irritation, was in-
cluded into the EU Test Method Regulation (COM regulation 440/
2008/EC).

To conclude, a prediction model was defined to classify a test
substance as irritant when the mean viability was below 50%. As
outlined in the present work, the intra- and inter-laboratory eval-
uations demonstrated high reliability and relevance of the SkinE-
thicTM RHE ‘‘42 bis” test method. Therefore, the catch-up
validation study on the in vitro test method for skin irritation
was endorsed by the ECVAM Scientific Advisory Committee in
November 5th, 2008. This test method might be defined as a stand
alone replacement test method for the Draize rabbit in vivo test, as
a screen, or as part of a sequential testing strategy in a weight of
evidence approach, for classifying non-irritant and irritant test
substances, depending on country requirements.
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