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Abstract
The 7th amendment of the EU Cosmetic Directive will lead to the ban of animal testing for cosmetic 
ingredients in 2009 (acute tests). Many efforts have been made in order to find reliable and relevant 
alternatives methods to eye irritation testing. 3-D in vitro technology allows the evaluation of chemicals 
in conditions similar to in vivo use. In this study, we have used the SkinEthic Human Corneal Epithelial 
Model (HCE) to evaluate in vitro eye irritation potential of chemicals. Viability (MTT test) was used as the 
main endpoint to classify test-chemicals. The optimization of the in vitro protocol was based on a specific 
60 min. contact time, adapted applied quantities (60 mg or 60µl/cm²) and a specific 16 hours post-treatment 
incubation period. A set of 102 chemicals belonging to different families, with known in vivo data was 
investigated in order to internally validate the protocol. The derived Predictive Model using a 50% viability 
cut off allowed the prediction of 2 classes: Irritants (R41 and R36 EU risk phrases) and Non Irritants (Non 
Classified). Performances were characterized by a good sensitivity (86%), a good specificity (83%) and good 
accuracy (84%). Results showed that the HCE model and the associated PM is a promising in vitro tool for 
the prediction of ocular irritancy. 
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Introduction
The eye can be subjected by accident to contact 

with diverse substances among which cosmetic 
products and their ingredients. The evaluation of 
eye irritation potential for cosmetic products and 
ingredients is therefore essential in order to prevent 
their safety in case of any accidental exposure. The 
in vivo Draize eye test has become the international 
standard assay for acute ocular toxicity (OECD, 
2002) and is often criticized for both ethical (painful 
to the rabbits) and scientific reasons (subjective 
scoring, low inter-laboratory reproducibility, 
sensitivity differences with humans) (Christians, 
1996). Eye irritation is a combination of complex 
invents possibly impacting different tissues (cornea, 
conjunctiva, iris etc…). Irritation can be associated 
in the cornea with the depth of injury itself linked to 
cytotoxicity of the agent (Maurer, 2002). Similarly 
kinetics of penetration following topical contact are 
difficult to evaluate, but clearly chemicals able to 

injury cells rapidly should have a higher irritating 
potential on the cornea. 

The 7th amendment of the Cosmetic directive 
will lead to the ban of animal testing for cosmetic 
ingredients in 2009. Thus, alternative strategies 
and tests are urgently required in order to evaluate 
eye damage potential of those chemicals. 3-D 
in vi tro t issue cultures sustained by adapted 
technologies allow the testing of chemicals with wide 
physicochemical properties in conditions similar to in 
vivo exposure. Many efforts have been made in order 
to find reliable and relevant predictive methods using 
reconstructed tissues (Van Goethem, 2006, Doucet, 
2006, Maurer, 2002, Osborne, 1995; Stern, 1998). 
Besides, many other complementary in vitro or ex 
vivo methods for eye irritation are currently under 
optimization (Eskes, 2005). Despite encouraging 
results, no test was found to be capable of completely 
replacing the in vivo Draize eye test. 

The HCE model is a standardized epithelium model 
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reconstructed with immortalized human corneal 
epithelial cells (SkinEthic laboratories-France). A 
multicentre study using the HCE model aimed to 
evaluate interlaboratory reproducibility and relevance 
to assess ocular irritancy was recently conducted by 
Van Goethem et al. (Van Goethem, 2006). This pre-
validation approach on 20 reference chemicals by 
four laboratories was characterized by an overall good 
concordance. The main objective of the present study 
was to evaluate the performance of the HCE model 
using a new developed optimized protocol. However, 
industrial specificities and the chemical diversity 
raise the question of the applicability domains. 
As compared to other in vitro models, 3-D tissues 
enabled the topical application of various types of 
chemicals with wide physicochemical properties 
(liquids, insoluble powders, gels and even sticky 
compounds) part of the multiple parameters related 
chemical diversity. In this study we established the 
performance of the optimized HCE protocol applied 
to a large set of 102 "real life" cosmetics chemicals 
belonging to diverse families extracted from l'Oréal 
chemicals library with reliable historical in vivo data. 

Materials and methods
Media and reagents

MTT: (3 - (4 ,5 -d ime thy l th i azo l -2 -y l ) -2 ,5 -
diphenyltetrazolium bromide (CAS 298-93-1) was 
purchased from Sigma, M-2128 (France). Phosphate 
buffer saline with calcium and magnesium (D-PBS) 
was from Gibco (France). Ethanol (CAS 64-17-5) 
was from Merck (France), isopropanol was from 
SDS, (13124 Peypin, France) and HCl 12 N from 
Prolabo (France). Culture maintenance media were 
suppled by SkinEthic Laboratories.
Test Chemicals

All 102 test chemicals came from l'Oréal chemicals 

library. They were chosen on the basis of their eye 
irritation classification following European Union 
Risk phrases: R41 (severe irritant), R36 (mild irritant) 
and Non Classified (non irritant). The corresponding 
classifications using the globally harmonized system 
were also established (categories 1, 2a, 2b and No 
Category). In vivo data came from l'Oréal historical 
databases. All data were documented with individual 
and detailed rabbit reports (OECD guideline 
405, 2002). Diverse families are represented and 
divided in 7 categories representing the main in 
vivo irritancy classes: dyes (5 chemicals); fatty (4 
chemicals); Miscellaneous (26 chemicals); polymers 
(18 chemicals); Silicones (15 chemicals); solvents 
(6 chemicals); surfactants (26 chemicals) (Table 1). 
The selected set comprised 20 R41, 9 R36 and 73 NC 
chemicals. 

Human Corneal Epithelial Model (HCE)
The reconstructed human corneal epithelial model 

HCE was purchased from SkinEthic Laboratories (45 
Rue St Philippe, 06000 Nice, France). Immortalized 
human corneal epithelial cells were cultured in 
a chemically defined medium and seeded on a 
polycarbonate membrane at the air–liquid interface. 
The tissue constructed obtained is a multilayered 
epithelium resembling to the in vivo epithelium 
(Fig. 1) with a thickness close to 65 µm. As in vivo, 
columnar basal cells are present as well as Wing cells. 
The model is characterized by the presence of specific 
ultra structural figures like intermediate filaments, 
mature hemi-desmosomes and desmosomes. Specific 
cytokeratins 64kD (K.3) were also described (Nguyen, 
2003). Tissues were shipped in agarose semi-solid 
culture medium. Upon arrival they were transferred 
to new maintenance medium, 300 µl/ well in 24 well 
plates and incubated at 37°C, 5% CO2 in a humidified 
incubator. The medium was renewed 24 hours later 
(300 µL/well).

Treatment: 
Epithelia were treated on day 8 (Thursday). 30 µl 

for liquids and 30 mg for powders were topically 
applied on the 0.5 cm² of the tissue surface. For 
powder chemicals, the tissues were first humidified 
on the surface before spreading the test-chemical 
(by adding 30 µl of PBS followed by aspiration) in 
order to improve the contact. Treated tissues were 
incubated for 1 hour at room temperature in 24 well 
plates with 300 µl of maintenance medium. Treated 
tissues were rinsed with D-PBS (3 times 300 µl) 
and incubated with new maintenance medium for an 
additional 16 hour post-treatment incubation period 
at 37°C, 5% CO2 in a humidified incubator (Fig. 2). 
2 to 3 independent batches were used per chemical. 
3 tissues were used for each treatment. Ethanol was 
used as the positive control.

 Total 
number

EU class 
R41

Number 
chem.

EU class 
R36

Number 
chem.

EU class 
NC

Number 
chem.

Dyes 5 3 0 2

Fatty 4 0 0 4

Miscellaneous 26 6 4 16

Polymers 18 2 0 16

Silicons 15 2 1 12

Solvents 8 0 0 8

Surfactants 26 7 4 15

Total 102 20 9 73

Table 1: Set of chemicals tested and in vivo classifications
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Viability measurement: 
At the end of the treatment tissues were assayed 

for viability using the MTT assay (Mossman, 
1983). Briefly, tissues were quickly blotted on 
absorbent paper and transferred to 0.5 mg/ml MTT 
in maintenance medium (300 µl/well of 24 well 
plate) and incubated for 3 hours (Fig. 3). HCE were 
removed from the MTT solution and again blotted on 

absorbent paper and transferred to isopropanol (750 
µl per well and 750 µl added onto each tissue) for 2 
hours at room temperature protected from evaporation 
and light (formazan extraction). After 15 minutes of 
gentle shaking, 200 µl aliquots were transferred to flat 
bottom 96 well plate before measuring optical density 
at 570 nm with isopropanol as the blank, using a 
microtiter plate reader.

Table 2a: Test-chemicals. In vitro results and in vivo classifications.

*: mean HCE viabilities (2 lots, 3 tissues/batch)
**: European risk phrases, R41: severe irritant; R36: mild irritant; NC: no irritant
***: Globally Harmonized System: Category 1: severe irritant/corrosive; Category 2a: mild irritant with reversible 
effects 7 days; Category 2b: mild irritant with reversible effects 21 days
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Calculations: 
Viability is expressed as % relative to the PBS 

negative control. 
[(OD treated-OD blank)/(OD negative control-OD 

blank)] x 100

Predictive Model: 
The selected cut-off was set to 50% reduction of 

viability. If the % viability is > 50%, the chemical is 

predicted as Non Irritant (EU risk: No Classified). If 
the % viability is < 50%, the chemical is predicted as 
Irritant (EU risk: R41 or R36) (Fig. 4).

Performances were evaluated using contingency 
tables.

Results
The MTT assay is a simple and robust test easy to 

perform with the HCE corneal model. The extraction 

Table 2b: Test-chemicals. In vitro results and in vivo classifications.

*: mean HCE viabilities (2 lots, 3 tissues/batch)
**: European risk phrases, R41: severe irritant; R36: mild irritant; NC: no irritant
***: Globally Harmonized System: Category 1: severe irritant/corrosive; Category 2a: mild irritant with reversible 
effects 7 days; Category 2b: mild irritant with reversible effects 21 days
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of formazan cristals was quicker as compared to 
other type of 3-D models (skin or epidermis). This 
assay already proved to be helpful when used as 
the main end point in validated 3-D tissue studies 
(Spielmann, 2007; ECVAM, 1998). The formation 
of formazan crystals before extraction was visible 
in the entire tissue with a higher density in the basal 
and supra-basal layers (figure 3). This phenomenon 
was already described in reconstructed epidermis 
models (Cotovio, 2005) and was probably linked 
to a stronger metabolic activity of the basal layers 
combined with a better access to the MTT substrate 
present in the culture medium. Before being 
assayed, all chemicals were tested for their potential 
interaction with the MTT reagent (data not shown). 
Chemicals directly reducing the MTT or able to 
interact with the OD measurements (inducing non 
specific OD), were tested on dead HCE in order to 
correct the final value by subtracting non specific 
ODs. However if the non specific color exceeds 30% 
of the living PBS-treated controls, the chemicals 
should be declared as incompatible with assay (it was 
not the case for the present set). The treatment period 
of 60 minutes was standardized at the laboratory 
room temperature in air conditioned conditions (19 
to 24° C). Indeed, if many chemicals were treated 
in the same sequence, the multiple incubator door-
open actions necessary will result in a non controlled 
temperature in the incubators and consequently in 
temperature differences from one tissue to another 
during treatment. 

Tables 2a and 2b summarized viabilities measured 
for all chemicals and their corresponding in vitro 
classification thanks to the preliminary defined PM 
(Fig. 4).

All categories tested include irritants and non 
irritants chemicals. However, only miscellaneous, 
silicones and surfactants include both R41 and R36 
chemicals. Three categories were under represented 

Sensitivity 86.2% False negatives 4/29
Specificity 83.5% False positives 12/73
Concordance 84.3% Kappa max 0.82

Table 4: Overall performances 

Table3: Contingency tables. A: using the EU classification 
labeling. B: using the Globally Harmonized System (GHS). 
Circles indicate misclassifications. Arrows indicate 1 chemical 
shifting from adjacent classes during the conversion of EU risk 
phrases to GHS classes.

Table 5: Performances of the protocol applied to different 
physicochemical categories

Fig. 1: Comparison between in vivo Human Corneal Epithelium (A) and the reconstructed human corneal epithelial model (B) 
(SkinEthic Laboratories). Histological vertical section (hematoxylin/eosin staining). 
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with small populations < 10 individuals (dyes, 
fatty and solvents) contrary to miscellaneous 
and surfactants containing 26 chemicals each. 15 
chemicals were tested diluted (water) in order to 
follow in vivo conditions in study reports. Figure 5 
shows the distribution of the irritant chemicals set 
(29) ranked by their corresponding viability results. 
Amongst the 21 R41 chemicals of this set, 18 showed 
a viability % below the defined 50% cut-off and 15 
induced a very strong cytotoxicity with viability 
values below 15%. The 8 R36 chemicals tested 
behaved similarly as compared to R41, with viability 
values pushed from the cut-off line. 2 chemicals 
R41 and 2 chemicals R36 were misclassified as false 
negatives (1 polymer, 1 surfactant, 1 miscellaneous 
and 1 silicone) (Tables 2a, 2b). Amongst these 
misclassified products, 2 chemicals were powders 
and 2 were liquids and all were tested undiluted. The 
results and distribution for non irritants (73 chemicals) 
were reported in figure 6. 61 chemicals were correctly 
classified with viabilities above the cut-off, while 12 

chemicals were misclassified as false positives. This 
overestimation concerned 3 surfactants, 3 polymers, 
3 silicones, 2 fatty and 1 miscellaneous. Amongst the 
overestimated set, 2 chemicals were tested diluted 
while only one chemical was a powder (see Tables 
2a, 2b). As shown in contingency tables 3a and 3b, 
results were very similar when using EU risk phrases 
and GHS categorization. However in some cases 
(borderline class chemicals) chemicals can shift to 
close categories. In the present set, 1 chemical R41 
shifted to GHS class 2 and 1 chemical NC shifted to 

Fig. 2: Key points of the new developed 
experimental protocol.

Fig. 3: Vertical section of the HCE model after MTT incubation. 
Formazan crystals are distributed in all the tissue layers but 
preferentially in the basal and suprabasal layers. 

Fig. 5: Distribution of the irritant (R42, R36) set of test-
chemicals
In vitro classifications were compared with in vivo European 
Union classifications in terms of risk phrases. 2 areas were 
defined: viability< 50% for chemicals predicted as irritants 
(R41 or R36) and viability > 50% for chemicals predicted as 
non irritants (NC). Among the 20 R41 chemicals evaluated, 2 
were misclassified in vitro as false negatives. Among the 9 R36 
chemicals evaluated, 2 were misclassified as false negatives. 
R41: EU classification severe eye irritant or corrosive; R36: EU 
classification moderate eye irritant/

Fig. 6: Distribution of the non irritant set of test-chemicals
In vitro classifications were compared with in vivo European 
Union classifications in terms of risk phrases. 2 areas were 
defined: viability< 50% for chemicals predicted as irritants (R41 
or R36) and viability > 50% for chemicals predicted as non 
irritants (NC). Among the 73 in vivo NC chemicals evaluated, 
12 were misclassified as false positives.

Fig. 4: Prediction Model
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GHS class 2. In all cases, using this protocol, mild 
irritants (R36) were not discriminated from strong 
irritants (R41). 

The overall performance of the HCE protocol "1 
hour/ 16 hours" applied to the set of 102 chemicals 
was presented in table 4. Performances were good 
and well balanced with 86.2% sensitivity, 83.5% 
specificity with a significant associated Kappa max 
of 0.8. Interestingly, the performances expressed per 
physicochemical state (66 liquids and 30 powders) 
were very similar with 80% concordance for the 
liquids and 90% concordance for powders (Table 5). 
Thus in our conditions and for this specific set, the 
HCE model combined with the optimized protocol 
demonstrated its capacity to test wide an different 
chemical categories. 

Discussion
The objective of this study was to assess the 

predictive capacity of an optimized protocol 
developed with the HCE model for eye irritation. 
Many interesting recent studies focused on in vitro 
3-D models to evaluate the capacity of products to 
induce eye irritation. Studies aimed to set up linear 
relations between in vitro calculations and in vivo 
data (using MMAS scores), evaluated both chemicals 
and finished products by using the HCE model 
and multiple treatment timings (Doucet, 2006). By 
calculating a mean cytotoxicity index (MCI), the 
authors concluded on the efficiency of the protocol 
applied to a series of 36 chemicals with a concordance 
rate of 70%. A different approach was conducted by 
F. Van Goethem et al. (Van Goethem, 2006) using the 
HCE model and defining a single treatment time and 
a prediction model characterized by a simple cut-off 
able discriminate eye irritant classes as defined by 
EU risk phrase guidelines. The study was conducted 
on 20 chemicals as a pre-validation involving 4 
laboratories and following all ECVAM recommended 
rules for further acceptance. The performances were 
very good with an accuracy comprised between 80% 
and 85%. Preliminary in house work aimed to expand 
this protocol to other chemical families from the 
cosmetic industry demonstrated the need to adapt the 
proposed protocol when working with more specific 
families. The final selected protocol was designed 
and adapted from the EPISKIN ECVAM validated 
protocol for skin irritation (Spielmann, 2007). Two 
key sequences were included: a treatment period of 60 
minutes and a post-treatment incubation period of 16 
hours. The addition of the post-treatment incubation 
period is important and gives time for cytotoxicity 
to appear or for tissue recovering. This optimized 
protocol was established by using an extended set of 
102 chemicals with clear classifications according 
recent guidelines in terms of risk phrases. The 
definition of this set was both directed by the will to 

cover categories of chemicals and specific chemistry 
relevant to the cosmetic industry and the need to 
include various types of irritants according to the 
classifications in use. The performances were very 
encouraging and characterized by good and balanced 
capacities to detect both irritants and non irritants. 
Accuracies were mainly around 85% for the all set 
(102 molecules) and for subsets (liquids, powders) 
and thus maintaining performance levels equivalent to 
previous publications (Doucet, 2006, Van Goethem, 
2006) while based on a higher and set of chemicals. 
Furthermore, the performances were not affected 
by the physical aspect of the molecules tested. 
Amongst the 102 chemicals tested, the structure 
diversity covered large fields of use and include 32 
% of high molecular weight molecules (MW>1000) 
essentially polymers and silicones, and 68% of low 
molecular weight molecules (MW<1000). This 
heterogeneousness illustrates some of the specific 
needs of the cosmetic industry and highlights the need 
to provide methods valid and adaptable to industrial 
portfolio specificities.

Conclusion
The optimized protocol "1hour/16 hours post-

treatment" evaluated on a broad set of chemicals 
showed good and promising performances. Only 
two classes were predicted (I and NI), "Mild" were 
grouped with Irritants. The HCE model allowed the 
application of chemicals with wide physicochemical 
properties. Results and performances obtained are 
sustained by model associated industrial qualities: 
quality controls, high reproducibility, easy to use. 

Ongoing work is done in order to 1-extend the 
chemical diversity of the dataset, 2- evaluate the 
transferability and the scope of application of the 
protocol. A collaborative work is ongoing with the 
Colipa eye irritation task force and the ECVAM 
experts.

The underway in house strategy based on the 
assessment of a large number of ingredients aims not 
only to cover truly industrial specificities and needs 
but also to identify gaps and applicability domains.
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