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An In Vitro Skin Irritation Test Using 4
the SkinEthic™ Reconstructed Human
Epidermal (RHE) Model
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and José Cotovio

4.1 Principle of the Test Method and Scientific Basis

Acute irritation is characterised by the non-immunological inflammatory response
of living skin following injury caused by a single contact with an irritant substance.
This response is local and reversible (unlike that produced by corrosion, which is
irreversible). The in vivo evaluation of skin irritation is mainly based on semi-
quantitative visual scoring (erythema and oedema). Besides morphological changes,
irritation also involves more-complex, subjective and subtle phenomena, such as
itching and burning sensations, which are not easily measurable [1]. Since cytotox-
icity is also known (among other factors) to trigger irritation, it can be viewed as a
first event likely to be shared by the effects of many irritants. Following mechanical
or chemical assault, homeostatic mechanisms may be deregulated, leading to non-
specific inflammation processes triggered by inflammatory mediators originating
mainly from keratinocytes [2]. Cell and tissue damage lead to the release of inflam-
matory mediators, nerve stimulation, axonal reflexes, pain and itching [3-5]. The
inflammatory response ultimately leads to observable phenomena such as localised
skin swelling (oedema) and redness (erythema). Overall, clinical signs of irritation
include the development of a rash, inflammation, swelling, scaling, and abnormal
tissue growth in the affected area (Fig. 4.1).

Initially, to conduct the skin irritation assessment, most regulatory authorities
required a standardized in vivo test in which—having first excluded skin corrosion
potential—the chemical was applied to the skin of a maximum of three rabbits [6].
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Fig.4.1 Schematic of skin irritation effects

The ability of the chemical to induce erythema and/or oedema was scored per ani-
mal. A score of between 0 and 4 on the Draize scale, increasing with severity, was
subjectively assigned on the basis of erythemal and oedemal effects, usually at 24,
48 and 72 h after application of the substance [7]. However, scientific concerns
about the variability [8, 9] and predictive capacities of this animal test in terms of
human health effects [10-12] were raised.

Animal welfare and, more recently, political pressure in Europe in areas such as
legislation relating to chemicals and cosmetics have required the development of
appropriate and validated alternative, in vitro test methods [13]. In the last 20 years,
considerable scientific effort has gone into developing valid in vitro skin models to
replace animal testing. Initial progress was made through the availability of bioen-
gineered non-invasive methods applicable to the skin in vivo, such as trans-epithelial
water loss and electrical resistance. These methods permitted the quantification of
physiological changes and opened up new possibilities for in vitro/in vivo compari-
son [14, 15]. Based on these observations, various in vitro models such as primary
human keratinocytes [16] and human skin equivalent models [17-19] were evalu-
ated for their ability to assess cutaneous toxicity or irritation. Due to the increasing
need for non-animal tests to predict human skin irritation, the European and
Japanese Centers for the Validation of Alternative Methods (EURL-ECVAM/
JACVAM) have focused their evaluation on four suitable in vitro reconstructed
human epidermis test methods: these now-validated methods have similarly defined
characteristics (Fig. 4.2) and include the SkinEthic™ RHE test method [20-22].

The three-dimensional SkinEthic™ RHE tissue, based on a pioneering concept
by Dr. Prunerias, was first released by Martin Rosdy in 1989 [23, 24]. The
SkinEthic™ RHE model consists of normal human keratinocytes cultured using a
chemically defined growth medium at the air-liquid interface. It produces a highly
differentiated and stratified epidermis model comprising main basal, supra basal,
spinous and granular layers and a functional stratum corneum with a histological
morphology comparable to in vivo human tissue [25, 26]. The validated SkinEthic™
RHE skin irritation test method involves a topical application of chemicals for
42 min followed by rinsing and post-incubation for 42 h. Irritant chemicals are
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identified by their ability to decrease tissue viability (MTT reduction) below the
defined threshold of 50% viability.

4.2 Current Validation Status

The reliability and relevance of the SkinEthic™ RHE skin irritation test method
has been established through a rigorous, inter-laboratory validation study. Based
on its scientific validity, this test method has been recommended for the testing of
all classes of chemicals and for inclusion in tiered testing strategies [27]. The
SkinEthic™ RHE test method was originally validated on the basis of the
Performance Standards using the 20 defined reference chemicals (ESAC state-
ment from November 2008; [28]). The SkinEthic™ RHE test method has been
found scientifically valid in reliably predicting no-label and R38 (irritant) chemi-
cals with respect to the previous EU classification scheme [29]. Re-evaluation
based on recalculating the predictive values of the test method under the United
Nations (UN) Globally Harmonized System of Classification and Labelling of
Chemicals (GHS) was performed in 2008 and confirmed in April 2009 by ESAC
for use under the UN GHS system as “applicable to all authorities” [29-31]. As a
result, since 2010, the SkinEthic™ RHE test method has been accepted in the
official Organisation for Economic Co-operation and Development (OECD) Test
Guideline 439 (OECD TG439), allowing the identification of non-irritant and
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irritant substances and mixtures in accordance with UN GHS and the EU test
method B.46 [32-34]. The SkinEthic™ RHE test method was also recently
included as part of the Integrated Approach to Testing and Assessment (IATA) for
Skin Irritation/Corrosion in OECD Guidance Document 203 [27, 35].

4.3  Performance and Applicability of the Test Method
4.3.1 Reproducibility

Two types of reproducibility were evaluated for the SkinEthic™ RHE test method:
one by testing the same chemicals over time in a single laboratory (within-laboratory
reproducibility, WLR) and the other by testing the same chemicals in different labo-
ratories (between-laboratory reproducibility, BLR). WLR was calculated as the per-
centage of chemicals for which identical classifications were obtained in the three
valid runs performed. BLR was calculated as the percentage of chemicals for which
identical classifications were obtained between laboratories.

The reproducibility study involved evaluating the ten non-irritant and ten irritant
reference test chemicals selected in accordance with the Performance Standard doc-
ument [36]. The 20 chemicals were coded by Vitroscreen and subjected to blind
tests in three laboratories: L’Oréal, Coty and Oroxcell. The same concordant clas-
sification was observed for 59 out of 60 items (98.3%) for the three laboratories
when considering irritants versus non-irritants [20]. Therefore, none of those test
substances showed a standard deviation (SD) > 18% in two laboratories. Only the
allyl phenoxy-acetate gave a SD > 18% as unacceptable in the third laboratory,
demonstrating the reproducibility of the test method. The proportion of identically
classified test substances derived from the prediction model was 100% for two labo-
ratories and 95% for the third laboratory, when considering all experiments [20]. In
conclusion, regardless the analyses, low intra-and inter-run variability for all labo-
ratories was observed with the negative and positive controls, and the 20 reference
test substances indicated high intra- and inter-laboratory reproducibility.

4.3.2 Predictive Capacity

The study conducted by industry was submitted to EURL-ECVAM for evaluation
and peer review. The SkinEthic™ test method was regarded by EURL-ECVAM as
sufficiently similar to the validated EpiSkin™ method according to the European
Classification System based on the Dangerous Substance Directive (DSD) [28].
Sensitivity and specificity for the 20 reference chemicals were 90% and 80%,
respectively [20]. The results obtained in the three laboratories with an overall accu-
racy of 85% met EURL-ECVAM specificity (>80%) and sensitivity (>70%) require-
ments [36]. EURL-ECVAM also evaluated the test method in its in-house laboratory
(called ‘Correlate’) with regard to transferability. Based on 19 of 20 test chemicals,
a sensitivity of 90% and a specificity of 77.8% were reached (data available in
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Annexe 5 of the OECD Explanatory Background Document; [33]). The same three
test substances (1-bromo-4-chlorobutane, 4-methyl-thio-benzaldehyde and hexyl
salicylate) were misclassified, as in other epidermis test methods [20, 22, 33]. No
clear difference in the physicochemical properties between the correctly and incor-
rectly classified test substances was identified to explain this outcome [37].
Increasing the number of tests to 39 chemicals lead to similar predictive capacity
with a sensitivity of 90%;, a specificity of 80% and an overall accuracy of 85%, with
33 out of 39 test substances correctly classified [38].

In December 2008, the EU adopted and implemented the UN GHS [29] through
the Classification, Labelling and Packaging (CLP) Regulation [39]. This regulation
replaced the previous EU DSD legislation [40] on the classification of substances
and mixtures. The CLP system continues to use two categories to distinguish non-
classified (No Category) from irritant (Category 2) substances. However, according
to the new rules for skin irritation classification and labelling (C&L) [29, 39], the
cut-off score to distinguish between No Category and Category 2 substances was
raised to 2.3 (UN GHS or CLP) from 2.0 (EU DSD). Consequently, substances with
an in vivo score of between 2.0 and 2.3 that were considered irritant under EU DSD
are now non-classified under UN GHS. This naturally led to a change in the speci-
ficity and sensitivity values. Since UN GHS defines irritants as substances with a
score of 2.3 or more, the sensitivity of the SkinEthic™ test system was increased to
100% and the specificity decreased to 69.2% using the 20 reference chemicals.
Overall accuracy was 80%, resulting in the test method being endorsed by the
EURL-ECVAM and OECD Committees as a stand-alone replacement test method
for the in vivo Draize rabbit test [41].

4.3.3 Applications and Limitations

This test is designed for mono- and multi-component test chemicals and mixtures.
The protocol was established for liquid, viscous, semi-solid and solid chemicals.
Topical application to the epidermis makes the method suitable for evaluating
chemicals that are soluble or insoluble in water, volatile, creamy, sticky, fatty, pow-
dered, etc.” The inclusion of HPLC/UPLC-spectrophotometry to measure formazan
in the procedures for the in vitro SkinEthic™ RHE test method also extends its
applicability to strongly coloured chemicals [42]. The test method is not appropriate
for testing gases and aerosols.

4.3.4 Comparison to Human Data

The in vivo Draize rabbit skin irritation test is an accepted regulatory method of
classifying and labelling chemicals. As such, the classification and labelling results
of this test were taken as the “gold standard” in the context of the validation study
for the reconstructed human epidemis models. Several large-scale studies on human
volunteers conducted in the 1990s concluded that the in vivo rabbit test often
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Table 4.1 Summary table of in vivo and in vitro results

CAS EU CLP/UN GHS Human 4-h In vitro
Chemical name number class patch test class
Isopropyl myristate 110-27-0 NC NC NC
Benzyl salicylate 118-58-1 NC NC NC
Isopropyl palmitate 142-91-6 NC NC NC
Dodecanoic acid 143-07-7 NC NC NC
Dipropylene glycol 25265-71-8 NC NC NC
Heptyl butyrate 5870-93-9  NC NC NC
Hexyl salicylate 6259-76-3  NC NC NC
Isopropanol 67-63-0 NC NC NC
Water 7732-18-5 NC NC NC
Naphthalene acetic acid 86-87-3 NC NC NC
10-Undecenoic acid 112-38-9 NC NC Cat 2
1-bromo-4-chlorobutane 6940-78-9  NC NC Cat 2
Eugenol 97-53-0 NC NC Cat 2
Methyl palmitate 112-39-0 Cat 2 NC NC
Butyl methacrylate 97-88-1 Cat2 NC Cat 2
Alpha terpineol 98-55-5 Cat 2 NC Cat 2
1-decanol 112-30-1 Cat2 NC Cat2
1-Bromohexane 111-25-1 Cat2 1 Cat2
Heptanal 111-71-7 Cat2 1 Cat 2
Nonanoic acid 112-05-0 Cat 2 I Cat 2
Octanoic acid 124-07-2 Cat2 1 Cat2
Sodium lauryl sulphate (20% aq.) 151-21-3 Cat2 1 Cat2
Decanoic acid 334-48-5 Cat 2 1 Cat 2

over-predicts the severity of skin reactions and damage produced by chemicals,
although there was also occasionally under-prediction [43-46]. Therefore, as
defined by Jirova et al. [47], while concordance between the rabbit test and the
results of the 4-h. HPT was rather poor (56%), the reconstructed human epithelium
methods provided more convincing results. The results presented in Table 4.1 con-
firm observations that rabbit tests over-predict skin effects in humans. Given that the
SkinEthic™ RHE test method was validated against the over-predicted rabbit test,
prediction errs on the side of caution for the safety of consumers, which is essential
in the context of risk assessment (Table 4.1).

4.4  Brief Description of the Protocol

Each test chemical (test material, negative and positive controls) is topically
applied to three tissue replicates concurrently for 42 min at room temperature
(RT), between 18 °C and 24 °C. Exposure to the test chemical is followed by
rinsing with phosphate buffer saline (PBS) and mechanically dried. The epider-
mis is then transferred to a fresh medium and incubated at 37 °C for another 42 h.
Cell viability is measured by enzymatic conversion of the vital dye MTT
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Table4.2 P re.dj;:tion model In vitro results In vivo classification
9f.tt hf.SkltnEtthlc thR(Ii—IE skin Mean tissue cell viability <50% Category 2 (Cat. 2)
frotation fest metho Mean tissue cell viability >50% Not classified (NC)

[3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, Thiazolyl blue;
CAS number 298-93-1] into a blue formazan salt that is quantitatively measured
after extraction from tissues [48]. Cell viability is assessed by incubating the tis-
sues for 3 h with 0.3 mL MTT solution (1 mg/mL). The formazan crystals are
extracted using 1.5 mL isopropanol for 2 h at RT and quantified by spectropho-
tometry at 570 nm wavelength. Sodium Dodecyl Sulphate (SDS 5%) and PBS
treated epidermis are used as positive and negative controls, respectively. For
each treated tissue, the cell viability is expressed as a percentage of the mean
negative control tissues. The mean relative tissue cell viability above 50% pre-
dicts its non-irritancy potential. Irritant chemicals are identified by their ability to
decrease cell viability below the defined threshold level (i.e. <50%, for UN GHS
Category 2). The prediction model is defined as described below in Table 4.2.
Details are provided in the SOP [49] and described in [20]. Key components of
the protocol are also available at http://www.episkin.com.

4.5 Rolein aTesting Strategy

The evaluation of the skin irritancy and corrosivity potential of a test chemical is a
vital part of safety assessment. Alternatives to the rabbit Draize test for skin corro-
sivity have already received official approval, including human skin model tests
using reconstructed human epidermal equivalents such as the SkinEthic™ RHE
skin corrosion test method (see Chap. 10). For skin irritation, the SkinEthic™ RHE
skin irritation test method was validated as a stand-alone test replacement for the
rabbit Draize test (see above). In light of the full evaluation of local skin effects after
a single dermal exposure using in vitro test methods, the OECD Guidance Document
No. 203 on an Integrated Approach to Testing and Assessment (IATA) was estab-
lished [27]. This IATA approach includes in vitro tests for skin corrosion (as
described in OECD TG 431) and skin irritation (OECD TG 439) before considering
testing on living animals [50].

The top-down approach (an in vitro skin corrosion test followed by an in vitro skin
irritation test if the chemical is identified as non-corrosive in the first test) should be
used when all available collected information and the weight-of-evidence (WoE)
assessment result in a high a priori probability of the chemical being an irritant or a
corrosive. The bottom-up approach (an in vitro skin irritation test followed by an
in vitro skin corrosion test if the chemical is identified as an irritant in the first test)
should be used only when all available collected information and the WoE assessment
result in a high a priori probability of the chemical not being a skin irritant.

To demonstrate the application and relevance of both approaches using the
SkinEthic™ RHE test methods, SkinEthic™ RHE irritation and corrosion data on
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86 substances were integrated in a bottom-up and top-down testing strategy to
assess their capacity for hazard and safety assessment under UN GHS classifica-
tions ([35, 42, 51]). The results showed that the SkinEthic™ RHE model was appli-
cable to a wide range of chemical classes and physical states. The bottom-up and
top-down testing strategies showed an identical number of correct and incorrect
classifications for the different (sub)-categories (Fig. 4.3). Overall strategies showed
an accuracy of 89.5% in distinguishing between non-classified and classified sub-
stances, and 93.4% in distinguishing between corrosive and non-corrosive sub-
stances (Fig. 4.3). Furthermore, excellent sensitivities were obtained in predicting
UN GHS category 1 chemicals (100%), followed by the category 2 irritant sub-
stances (70%), irrespective of the strategy and classification system used.
Interestingly, none of the skin corrosive category 1B—and-1C and 1A chemicals
were under-predicted as a skin irritant (Category 2) or non-classified, irrespective of
the strategy and classification system used, suggesting that the SkinEthic™ RHE
model ensures consumer safety when used in the context of the OECD recom-
mended IATA. Only a single non-classified substance (2,4-Xylidine) was over-
predicted as category 1B—and-1C and none as category 1A, suggesting that the
SkinEthic™ RHE model also helps to avoid unnecessary over-labelling.

4.6 Perspectives from the Test Developer
4.6.1 Critical Steps in the Protocol
The critical steps of the standardized operating procedure could be listed as follows:

* Verify the absence of air bubble under the epidermis at each step;

» Test all test chemicals alone in separate plate;

e For liquids (16 pL + 2 pL), dispense the substance onto the epidermis with a
positive displacement pipette and apply a nylon mesh to gently spread the sub-
stance, taking care to cover the entire surface;

e For solids (10 = 2 pL H,O and 16 + 2 mg test item), the substance should be
crushed to a fine powder, ensuring good contact with the epidermis;

» For viscous and sticky chemicals, use a curved flat spatula or weigh directly on
the nylon mesh;

* Apply the chemical-coated side of the nylon mesh to the epidermal surface;

e Carefully remove the nylon mesh before rinsing;

* Rinse the tissue thoroughly;

* Thoroughly protect the plate by stretching three parafilm layers over the plate to
prevent the evaporation of the formazan during the extraction step.

4.6.2 Possible Protocol Adaptations

In all reconstructed epidermis test methods, the skin irritation potential of a chemi-
cal is determined by measuring tissue viability in treated tissues after topical
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application to the tissue surface. Tissue viability is determined by enzymatic reduc-
tion of MTT tetrazolium salt to purple reduced MTT (formazan) [48]. A known
limitation of the photometric MTT-reduction assay is the possible interference of
coloured test chemicals with the absorbance measurement of formazan. Analytical
methods such as High/Ultra High Performance Liquid Chromatography (HPLC/
UPLC) might be more appropriate to detect formazan in the in vitro assay. Cosmetics
Europe undertook a study to establish and evaluate the use of this analytical method
[42]. Based on the outcome of this project, it was concluded that this analytical
endpoint detection system is relevant to all test methods, irrespective of the test
system and test method used (e.g. SkinEthic™ RHE skin irritation assay). It was
therefore recommended that the OECD Test Guideline 439 be revised to incorporate
HPLC/UPLC-spectrophotometry as an additional endpoint detection system in the
technical procedures for the in vitro SkinEthic™ RHE skin irritation test method
[32].

4.6.3 Challenges and Opportunities

Challenges and opportunities might be seen in the context of the assessment of spe-
cific categories of ingredients (e.g. mixtures) as well as for UN GHS categorization
using the SkinEthic™ RHE test method.

The SkinEthic™ RHE test method distinguishes between skin irritants (Cat. 2)
and chemicals not classified for skin irritation (No Cat.). However, the test method
is not designed to classify chemicals in the optional GHS Cat. 3 (mild irritants).
Development of a test method exploiting quantitative analysis of expression profiles
of relevant genes might be considered as such an approach was established and
defined using the EpiSkin™ RhE-based test system [52].

Mixtures are defined as “a mixture or a solution composed of two or more sub-
stances in which they do not react” [34]. Since mixtures cover a wide spectrum of
categories and compositions, the type of regulatory testing required may depend on the
type of mixture. For example, cosmetic formulations can no longer be tested using
animal studies in some parts of the world [53]. In contrast, biocides including mixtures
may be subject to specific testing requirements [54]. As such, depending on the field
and/or sector, the use of validated in vitro assays to assess mixtures is of relevance.
Cases in which in vitro testing of preparations and mixtures could be useful and rele-
vant include cosmetics, cleaning products, biocides and plant protection products
might be very useful [55]. Although these mixtures had high-quality in vivo data, not
all of them are publically available, allowing only limited comparisons between the
in vivo and in vitro observed effects. Access to in vivo data will permit a better defini-
tion of the applicability domain of the test method for mixtures with complex physical
properties such as hydrophobicity, sticky/buttery-like texture and waxy/creamy foam
characteristics. Further investigation would also be beneficial for agrochemicals due to
the limited-and-contradictory nature of information available and the difficulty in inter-
preting the data when the composition of the mixtures has not been identified—as
reported for another RhE-based test method [56, 57].
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4.7 Conclusions

The SkinEthic™ RHE skin irritation test method has gained international regula-
tory acceptance and has been adopted for the regulatory assessment of skin irritation
to distinguish between EU CLP-UN GHS category 2 (irritant) and non-classified
(No Category, non-irritant) chemicals (OECD TG 439). Intra- and inter-
reproducibility findings indicate that the SkinEthic™ RHE model has high robust-
ness in terms of its performance with an enlarged dataset of diverse chemicals and
mixtures. Furthermore, the relevance of the integration of SkinEthic™ RHE skin
irritation data in a bottom-up or top-down strategy has been demonstrated with a
similar high accuracy for the determination of the potential hazard of chemicals.

References

1. Emmett EA. Toxic responses of the skin. In: Klaassen CD, Amdur MO, Doull J, editors.
Casarett and Dull’s toxicology. New York, NY, USA: Macmillan; 1986. p. 412-31.

2. Nickoloff BJ, Turka LA. Keratinocytes: key immunocytes of the integument. Am J Pathol.
1993;143:325-31.

3. Fluhr JW, Darlenski R, Angelova-Fischer I, Tsankov N, Basketter D. Skin irritation and
sensitization: mechanisms and new approaches for risk assessment. 1. Skin irritation. Skin
Pharmacol Physiol. 2008;21(3):124-35.

4. Kindt TJ, Osborne BA, Goldsby RA. Immunology. 6th ed. New York: Freeman and Company;
2006.

5. Welss T, Basketter DA, Schroder KR. In vitro skin irritation: facts and future. State of the art
review of mechanisms and models. Toxicol In Vitro. 2004;18(3):231-43.

6. OECD. OECD Guideline for the testing of chemicals, no. 404: acute dermal irritation/corro-
sion. Organisation for economic cooperation and development, Paris, France; 2002.

7. Draize JH, Woodard G, Calvery HO. Methods for the study of irritation and toxicity of
substances applied directly on the skin and mucous membranes. J Pharmacol Exp Ther.
1944:82:377-90.

8. Weil CS, Scala RA. Study of intra-and interlaboratory variability in the results of rabbit eye
and skin irritation tests. Toxicol Appl Pharmacol. 1971;19:276-360.

9. Worth AP, Cronin MT. The use of bootstrap resampling to assess the variability of Draize tis-
sue scores. ATLA. 2001;29(5):557-73.

10. Campbell RL, Bruce RD. Comparative dermatotoxicology. I. Direct comparison of rabbit
and human primary skin irritation responses to isopropylmyristate. Toxicol Appl Pharmacol.
1981;59:555-63.

11. Robinson MK, Perkins MA, Basketter DA. Application of a four hour human patch test
method for comparative and investigative assessment of skin irritation. Contact Dermatitis.
1998;38:194-202.

12. Robinson MK, McFadden JP, Basketter DA. Validity and ethics of the human 4 hour patch test as
an alternative method to assess acute skin irritation potential. Contact Dermatitis. 2001;45:1-12.

13. Hartung T, Bremer S, Casati S, Coecke S, Corvi R, Fortaner S, Gribaldo L, Halder M, Janusch
Roi A, Prieto P, Sabbioni E, Worth A, Zuang V. ECVAM’s response to the changing political
environment for alternatives: consequences of the European union chemicals and cosmetics
policies. ATLA. 2003;31:473-81.

14. Van De Sandt J, Roguet R, Cohen C, Esdaile D, Ponec M, Corsini E, Barker C, Fusenig
N, Liebsch M, Benford D, De Brugerolle De Fraissinette A, Fartasch M. The use of human



70

N. Alépée et al.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

keratinocytes and human skin models for predicting skin irritation. ATLA. 1999;27:
723-43.

Zuang V, Rona C, Archer G, Berardesca E. Detection of skin irritation potential of cosmetics
by non-invasive measurements. Skin Pharmacol Appl Ski Physiol. 2000;13:358-71.

Cohen C, Selvi-Bignon C, Barbuer A, Rougier A, Lacheretz F, Roguet R. Measurement of
pro inflammatory mediators production by cultured keratinocytes: a predictive assessment of
cutaneous irritation. In: Rougier A, Goldberg AM, Maibach HI, editors. Alternative methods
in toxicology, In vitro skin toxicology, vol. Vol. 10. New York, NY, USA: Mary Ann Liebert;
1994. p. 83-96.

Faller C, Bracher M. Reconstructed skin kits: reproducibility of cutaneous irritancy testing.
Skin Pharmacol Appl Ski Physiol. 2002;15:74-91.

. Perkins MA, Osborne R, Rana FR, Ghassemi A, Robinson MK. Comparison of in vitro and

in vivo human skin responses to consumer products and ingredients with a range of irritancy
potential. Toxicol Sci. 1999;48:218-29.

Roguet R. Use of skin cells culture for in vitro assessment of corrosion and cutaneous irritancy.
Cell Biol Toxicol. 1999;15:63-75.

Alépée N, Tornier C, Robert C, Amsellem C, Roux MH, Doucet O, Pachot J, Meloni M, de
Brugerolle de Fraissinette A. A catch-up validation study on reconstructed human epidermis
(SkinEthic™ RHE) for full replacement of the Draize skin irritation test. Toxicol In Vitro.
2010;24:257-66.

Kojima H, Ando Y, Idehara K, Katoh M, Kosaka T, Miyaoka E, Shinoda S, Suzuki T,
Yamaguchi Y, Yoshimura I, Yuasa A, Watanabe Y, Omori T. Validation study of the in vitro
skin irritation test with the LabCyte EPI-MODEL24. Altern Lab Anim. 2012;40:33-50.
Spielmann H, Hoffmann S, Liebsch M, Botham P, Fentem J, Eskes C, Roguet R, Cotovio J,
Cole T, Worth A, Heylings J, Jones P, Robles C, Kandarovd H, Gamer A, Remmele M, Curren
R, Raabe H, Cockshott A, Gerner I, Zuang V. The ECVAM international validation study on in
vitro tests for acute skin irritation: report on the validity of the EPISKIN and EpiDerm assays
and on the skin integrity function test. ATLA. 2007;35:559-601.

Prunerias M, Régnier M, Woodley D. Methods for cultivation of keratinocytes with an air-
liquid interface. J Investig Dermatol. 1983;81(sup n°1):28s-33s.

Rosdy M, Clauss LC. Terminal epidermal differentiation of human keratinocytes grown
in chemically defined medium on inert filter substrates at the air—liquid interface. J Invest
Dermatol. 1990;95:409-14.

Doucet O, Robert C, Zastrow L. Use of a serum-free reconstituted epidermis as a skin pharma-
cological model. Toxicol In Vitro. 1996;10:305-13.

Kandarova H, Liebsch M, Spielmann H, Genschow E, Schmidt E, Guest R, Whittingham A,
Warren N, Gamer A, Remmele M, Kaufmann T, Wittmer E, De Wever B, Rosdy M. Assessment
of the SkinEthic reconstituted human epidermis for skin corrosion testing according to OECD
guideline 431. Toxicol In Vitro. 2006;20:547-59.

OECD. Guidance document on integrated approaches to testing and assessment of skin irritation/
corrosion, series on testing and assessment, No. 203, OECD, Paris. 2014. Available at: http://
www.oecd.org/env/ehs/testing/seriesontestingandassessmenttestingforhumanhealth.htm.
ECVAM. Statement of the ECVAM Scientific Advisory Committee (ESAC) on the scientific
validity of in vitro tests for skin irritation testing. 2008. Available at: http://ecvam.jrc.it.
United Nations Economic Commission for Europe (UNECE). UN globally harmonised system
of classification and labelling of chemicals. 2nd revised ed; 2008. http://www.unece.org/trans/
danger/publi/ghs/ghs_rev02/02files_e.html. (as of April 2009)

ECVAM. Statement on the “Performance under UN GHS of three in vitro assays for skin
irritation testing and the adaptation of the Reference Chemicals and Defined Accuracy Values
of the ECVAM skin irritation Performance Standards”, issued by the ECVAM Scientific
Advisory Committee (ESAC30), 9 April 2009; 2009. Available at: http://ihcp.jrc.ec.europa.
eu/our_activities/alt-animal-testing.

Griesinger C., Barroso J., and Zuang V.. ECVAM background document on the recent adapta-
tions of the ECVAM performance standards for in vitro skin irritation testing in the context of


http://www.oecd.org/env/ehs/testing/seriesontestingandassessmenttestingforhumanhealth.htm
http://www.oecd.org/env/ehs/testing/seriesontestingandassessmenttestingforhumanhealth.htm
http://ecvam.jrc.it
http://www.unece.org/trans/danger/publi/ghs/ghs_rev02/02files_e.html
http://www.unece.org/trans/danger/publi/ghs/ghs_rev02/02files_e.html
http://ihcp.jrc.ec.europa.eu/our_activities/alt-animal-testing
http://ihcp.jrc.ec.europa.eu/our_activities/alt-animal-testing

An In Vitro Skin Irritation Test Using the SkinEthic™ Reconstructed Human 71

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

the drafting process of an EU Test Method and an OECD draft Test Guideline. Ispra, November
13, 2008; 2008. Available at: http://ecvam.jrc.ec.europa.eu/.

OECD. In vitro skin irritation: Reconstructed Human Epidermis Test Method. OECD
Guideline for the Testing of Chemicals No. 439, OECD, Paris; 2015. Available at: http://www.
oecd.org/env/testguidelines.

OECD. Explanatory background document to the OECD draft Test Guideline on in vitro skin
irritation testing. Published in OECD Series on Testing and Assessment, No. 137, OECD, Paris;
2010. Available at: http://www.oecd.org/officialdocuments/displaydocumentpdf/?cote=env/
jm/mono(2010)36&doclanguage=en.

United Nations (UN). Globally harmonized system of classification and labelling of chemicals
(GHS), 2nd revised edn, UN New York and Geneva, 2013; 2013. Available at: http://www.
unece.org/trans/danger/publi/ghs/ghs_rev05/05files_e.html.

Alépée N, Grandidier MH, Tornier C, Cotovio J. An integrated testing strategy for in vitro skin
corrosion and irritation assessment using SkinEthic™ reconstructed human epidermis. Toxicol
In Vitro. 2015;29:1779-92.

ECVAM. Statement on the validity of in vitro tests for skin irritation, issued by the ECVAM
Scientific Advisory Committee (ESAC26), 27 April 2007; 2007. Available at: http://ihcp.jrc.
ec.europa.eu/our_activities/alt-animal-testing.

Zuang V, Eskes C, Worth A, Cole T, Hoffmann S, Saliner AG, Netzeva T, Patlewicz G,
Cockshott A, Gerner I. Report from the chemical selection sub-committee to the management
team on potential reasons for the misclassification of chemicals in the EpiSkin and EpiDerm
assays. Available under “Validation Study Documents”; 2007. Available at: http://ecvam.jrc.
ec.europa.eu/.

Tornier C, Amsellem C, Fraissinette Ade Brugerolle A, Alépée N. Assessment of the opti-
mized SkinEthic™ reconstructed human epidermis (RHE) 42 bis skin irritation protocol over
39 test substances. Toxicol In Vitro. 2010;24(1):245-56.

EC. Regulation (EC) no 1272/2008 of the European parliament and of the Council of 16
December 2008 on classification, labelling and packaging of substances and mixtures, amend-
ing and repealing directives 67/548/EEC and 1999/45/EC, and amending regulation (EC) no
1907/2006. Off J Eur Union. 2008;L.353:1-1355.

EC. Commission Directive 2001/59/EC of 6 august 2001 adapting to technical progress for
the 28th time Council Directive 67/548/EEC on the approximation of laws, regulations and
administrative provisions relating to the classification, packaging and labelling of dangerous
substances. Off J Eur Union. 2001;L.225:1-333.

OECD. In vitro skin irritation: reconstructed human epidermis test method.
Revised OECD  Guideline TG 439 version originally adopted in 2010,
OECD,  Paris; 2013.  Available at:  http://www.oecd-ilibrary.org/environment/
oecd-guidelines-for-the-testing-of-chemicals-section-4-health-effects_20745788.

Alépée N, Barroso J, De Smedt A, De Wever B, Hibatallah J, Klaric M, Mewes KR, Millet
M, Pfannenbecker U, Tailhardat M, Templier M, McNamee P. Use of HPLC/UPLC-
spectrophotometry for detection of formazan in in vitro reconstructed human tissue (RhT)-
based test methods employing the MTT-reduction assay to expand their applicability to
strongly coloured test chemicals. Toxicol In Vitro. 2015;29:741-61.

Basketter DA, Chamberlain M, Griffiths HA, York M. The classification of skin irritants by
human patch test. Food Chem Toxicol. 1997;35:845-52.

Basketter DA, Jirova J, Kandarova H. Review of skin irritation/corrosion hazards on the basis
of human data: a regulatory perspective. Interdiscip Toxicol. 2012;5(2):98—104.

Basketter DA, York M, McFadden JP, Robinson MK. Determination of skin irritation potential
in the human 4-h patch test. Contact Dermatitis. 2004;51:1-4.

Robinson MK, Whittle E, Basketter DA. A two center study of the development of acute irrita-
tion responses to fatty acids. Am J Contact Dermatol. 1999;10:136-45.

Jirova D, Basketter D, Liebsch M, Bendova H, Keilova K, Marriott M, Kandédrova
H. Comparison of human skin irritation patch test data with in vitro skin irritation assays and
animal data. Contact Dermatitis. 2010;6:109-16.


http://ecvam.jrc.ec.europa.eu/
http://www.oecd.org/env/testguidelines
http://www.oecd.org/env/testguidelines
http://www.oecd.org/officialdocuments/displaydocumentpdf/?cote=env/jm/mono(2010)36&doclanguage=en
http://www.oecd.org/officialdocuments/displaydocumentpdf/?cote=env/jm/mono(2010)36&doclanguage=en
http://www.unece.org/trans/danger/publi/ghs/ghs_rev05/05files_e.html
http://www.unece.org/trans/danger/publi/ghs/ghs_rev05/05files_e.html
http://ihcp.jrc.ec.europa.eu/our_activities/alt-animal-testing
http://ihcp.jrc.ec.europa.eu/our_activities/alt-animal-testing
http://ecvam.jrc.ec.europa.eu/
http://ecvam.jrc.ec.europa.eu/
http://www.oecd-ilibrary.org/environment/oecd-guidelines-for-the-testing-of-chemicals-section-4-health-effects_20745788
http://www.oecd-ilibrary.org/environment/oecd-guidelines-for-the-testing-of-chemicals-section-4-health-effects_20745788

72

N. Alépée et al.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Mosmann T. Rapid colorimetric assay for cellular growth and survival: application to prolif-
eration and cytotoxicity assays. J Immunol Methods. 1983;65:55-63.

SkinEthic™ RHE SOP, Version 2.0. SkinEthic skin irritation test-42bis test method for the
prediction of acute skin irritation of chemicals: 42 minutes application +42 hours post-incuba-
tion; 2009. Available at: http://ihcp.jrc.ec.europa.eu/our_activities/alt-animal-testing.

OECD. In vitro skin corrosion: reconstructed human epidermis (RHE) test method.
OECD Guideline for the Testing of Chemicals. Revised version originally adopted in
2004, OECD, Paris; 2014. Available at: http://www.oecd-ilibrary.org/environment/
oecd-guidelines-for-the-testing-of-chemicals-section-4-health-effects_20745788.

Alépée N, Robert C, Tornier C, Cotovio J. The usefulness of the validated SkinEthic™ RHE test
method to identify skin corrosive UN GHS subcategories. Toxicol In Vitro. 2014;28:616-25.

Groux, H., Lelievre, D., Cottrez, F., Auriault, C., Alépée, N., Meunier, J.R., and Cotovio,
J.. Evaluation of IRR-IS®, an EpiSkin™ based model for quantifying chemical irritation
potency. Oral Communication N°1.5, ESTIV2012, 17th October 2012, Lisbon, Portugal.
Poster presented at 51st Annual Meeting of the Society of Toxicology, March 11-15, 2012,
San Francisco, USA. The Toxicologist; 2012. p. 286. Available at: http://www.toxicology.org/
Al/Pub/Tox/2012Tox.pdf.

EC. Regulation (EC) no 1223/2009 of the European Parliament and of the Council of 30
November 2009 on cosmetic products. Off J Eur Union. 2009;L.342:59-209. Available at:
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32009R 1223

EC. Regulation (EC) No 528/2012 of the European Parliament and of the Council of 22 May
2012 concerning the making available on the market and use of biocidal products Text with
EEA relevance. Off J Eur Union. 2012;L.167:1-123

Molinari J, Eskes C, Andres E, Remoué N, Sa-Rocha VM, Hurtado SP, Barrichello C. Improved
procedures for in vitro skin irritation testing of sticky and greasy natural botanicals. Toxicol In
Vitro. 2013;27(1):441-50.

Eskes C, Detappe V, Koéter H, Kreysa J, Liebsch M, Zuang V, Amcoff P, Barroso J, Cotovio
J, Guest R, Hermann M, Hoffmann S, Masson P, Alépée N, Arce LA, Briischweiler B, Catone
T, Cihak R, Clouzeau J, D'Abrosca F, Delveaux C, Derouette JP, Engelking O, Facchini
D, Frohlicher M, Hofmann M, Hopf N, Molinari J, Oberli A, Ott M, Peter R, Sa-Rocha
VM, Schenk D, Tomicic C, Vanparys P, Verdon B, Wallenhorst T, Winkler GC, Depallens
0. Regulatory assessment of in vitro skin corrosion and irritation data within the European
framework: workshop recommendations. Regul Toxicol Pharmacol. 2012;62:393—403.

Kolle SN, Sullivan KM, Mehling A, van Ravenzwaay B, Landsiedel R. Applicability of in
vitro tests for skin irritation and corrosion to regulatory classification schemes: substantiating
test strategies with data from routine studies. Regul Toxicol Pharmacol. 2012;64(3):402-14.


http://ihcp.jrc.ec.europa.eu/our_activities/alt-animal-testing
http://www.oecd-ilibrary.org/environment/oecd-guidelines-for-the-testing-of-chemicals-section-4-health-effects_20745788
http://www.oecd-ilibrary.org/environment/oecd-guidelines-for-the-testing-of-chemicals-section-4-health-effects_20745788
http://www.toxicology.org/AI/Pub/Tox/2012Tox.pdf
http://www.toxicology.org/AI/Pub/Tox/2012Tox.pdf
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32009R1223

	4: An In Vitro Skin Irritation Test Using the SkinEthic™ Reconstructed Human Epidermal (RHE) Model
	4.1	 Principle of the Test Method and Scientific Basis
	4.2	 Current Validation Status
	4.3	 Performance and Applicability of the Test Method
	4.3.1	 Reproducibility
	4.3.2	 Predictive Capacity
	4.3.3	 Applications and Limitations
	4.3.4	 Comparison to Human Data

	4.4	 Brief Description of the Protocol
	4.5	 Role in a Testing Strategy
	4.6	 Perspectives from the Test Developer
	4.6.1	 Critical Steps in the Protocol
	4.6.2	 Possible Protocol Adaptations
	4.6.3	 Challenges and Opportunities

	4.7	 Conclusions
	References




