
Preface

This is the report of the thirty-fourth of a
series of workshops organised by the Euro-
pean Centre for the Validation of Alternative
Methods (ECVAM). ECVAM�s main goal, as
defined in 1993 by its Scientific Advisory
Committee, is to promote the scientific and
regulatory acceptance of alternative methods
which are of importance to the biosciences
and which reduce, refine or replace the use of
laboratory animals. One of the first priorities
set by ECVAM was the implementation of
procedures which would enable it to become
well-informed about the state-of-the-art of
non-animal test development and validation,
and the potential for the possible incorpora-
tion of alternative tests into regulatory pro-
cedures. It was decided that this would be
best achieved by the organisation of ECVAM
workshops on specific topics, at which small
groups of invited experts would review the

current status of various types of in vitro
tests and their potential uses, and make rec-
ommendations about the best ways forward
(1).

The workshop on Eye Irritation Testing:
The Way Forward was held in Egham, UK,
on 15�17 June 1998, under the chairmanship
of Michael Balls (ECVAM, Italy). The work-
shop had two aims, the first of which was to
review some of the previous multilaboratory
validation studies on alternatives to the
Draize eye test and assess why many promis-
ing alternative methods were not successful
in these studies. The second aim was to dis-
cuss strategies for making progress toward
the short-term reduction, refinement, and
eventual replacement, of the Draize test,
including: a new approach to the validation
of in vitro tests for eye irritancy, based on
the use of reference standards, which
promises to overcome some of the problems
encountered in previous studies; the use of
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stepwise testing strategies which reduce and
refine the use of animals in eye irritation
testing; the use of multivariate and other
statistical techniques for the further analysis
of data generated in previous validation
studies; and a programme of research aimed
at understanding the underlying mecha-
nisms of eye irritation.

Introduction

The Draize rabbit test (2) continues to be the
method of choice for the regulatory assess-
ment of eye irritation hazard (3, 4), despite
criticism on both scientific and animal wel-
fare grounds. Continued use of the Draize
test is not due to a shortage of potentially
useful alternative methods, since more effort
has probably been put into the development
of alternatives to the Draize eye irritation
test than into seeking replacements for all
the other acute in vivo toxicity tests put
together. However, no test, combination of
tests, or testing strategy has yet been devel-
oped which meets all the requirements of the
regulatory authorities. There are several
possible reasons for this, one of which is that
the in vivo test, being based on the subjective
scoring of tissue lesions in the eye, provides
variable estimates of eye irritancy (5). Other
reasons for the outcomes of recently com-
pleted validation studies could be related to:
a) the adequacy of the non-animal method
protocols; b) the choice of test substances;
and c) the choice of statistical approaches for
analysing the data. Thus, although there is
much confidence that a number of the alter-
native tests and testing strategies do work
in-house, it has proved impossible to estab-
lish this satisfactorily by conducting valida-
tion studies in which in vitro test results are
compared with historical in vivo data (6, 7).

To find possible solutions to this impasse,
ECVAM organised a workshop on eye irrita-
tion testing, which brought together experts
in the field from industrial and governmen-
tal organisations. The workshop participants
reviewed the eye irritation validation studies
carried out to date, and discussed a number
of initiatives which could lead to the
short-term reduction and refinement, and to
the long-term replacement, of animal use in
eye irritation testing. These initiatives
include: a) an evaluation of the use of refer-
ence standards (benchmark chemicals) in

the validation process, since this could over-
come some of the problems which were
encountered in previous studies; b) an evalu-
ation of tiered testing strategies; c) further
analyses of the data generated during previ-
ous validation studies; and d) research into
the mechanistic basis of eye irritation. This
report summarises the workshop discus-
sions, and presents the conclusions and rec-
ommendations of the workshop participants. 

Review of Validation Studies

The EC/HO study

The validation study which has become
known as the European Commission/British
Home Office (EC/HO) study (6) was set up in
the light of an EC-funded pilot study (8, 9) to
establish whether one or more of nine tests
could be used to replace the Draize test for:
a) all severely irritating substances or for
severely irritating substances belonging to
specific chemical classes; and b) for all levels
of eye irritancy with or without regard to the
chemical class. The nine tests included four
cell culture methods (based on red blood cell
[RBC] haemolysis, neutral red uptake
[NRU], fluorescein leakage [FL], and the use
of the silicon microphysiometer [SM]), three
ex vivo tests (the isolated rabbit eye [IRE]
test, the isolated chicken eye [ICE] test, and
the bovine corneal opacity/permeability
[BCOP] test), the hen�s egg chorio-allantoic
membrane (HET-CAM) test, and a physico-
chemical method based on protein precipita-
tion (EYTEXTM).

The relevance and reliability of the nine
test methods were assessed under blind con-
ditions by using a test set of 60 single chem-
icals, which were independently selected,
coded and supplied to 37 laboratories. The
data generated by the laboratories were
analysed independently. The reliability of
each test was assessed by determining the
interlaboratory Pearson�s correlation coeffi-
cients of the in vitro scores for each end-
point. These analyses indicated that there
was good reproducibility between the labora-
tories conducting the same test. The predic-
tive capacity of each test was assessed by: a)
preparing scatter plots showing the relation-
ship between the in vitro test scores and in
vivo irritancy; b) calculating the Pearson�s
and Spearman�s correlation coefficients for
the relationship between each alternative
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test endpoint and the Modified Maximum
Average Draize Test Score (MMAS); and c)
deriving a linear regression equation to pre-
dict the MMAS from each alternative test
endpoint and to determine a 95% confidence
interval (CI) for this prediction. These analy-
ses showed that, for the full set of test chem-
icals, the in vitro�in vivo correlations were
generally low (typically less than 0.6) and the
95% CIs were generally wide (often greater
than ± 40 MMAS units). Analyses were also
carried out for six (overlapping) subsets of
chemicals (30 water-soluble chemicals, 18
water-insoluble chemicals, 12 surfactants, 20
solids, 14 solutions made from solids, and 26
liquids). The results for the surfactant sub-
set were considered to be more encouraging
as the correlation coefficients were generally
higher (greater than 0.8 for some endpoints)
and the 95% CIs tended to be narrower.
However, the relatively high correlation
coefficients for the surfactants could be
partly as a result of dose�response effects,
since the �12� surfactants were in fact six
different surfactants tested at various con-
centrations.

In addition to the comparison of single in
vitro endpoints to the MMAS, a multivariate
analysis of the EC/HO study has been under-
taken. The purpose of this analysis was to
determine whether the combined use of
more than one non-animal method could be
useful for predicting eye irritation potential,
to determine which combinations of tests
may provide improved predictions, and to
assess the utility of the rabbit eye irritation
test for the evaluation of non-animal meth-
ods. The multivariate analysis involved an
examination of 20 non-animal test measures
and in vivo scores for 59 test substances. The
chemicals were also split into training sets
and test sets to avoid overfitting the data.
Principal components analysis (PCA) was
used to identify the endpoints which
explained the greatest variation in the data,
and partial least squares (PLS) was used to
develop models for predicting eye irritation
potential from a combination of in vitro test
results. An initial analysis was conducted to
determine whether a combination of ten end-
points would improve the predictive capacity
of the in vitro methods. The outcome of this
study was encouraging, so additional analy-
ses were conducted to determine whether
smaller sets of in vitro endpoints would pro-
vide improved predictions. 

The additional analyses showed that com-
binations of data from assays of epithelial
integrity (FL test), ex vivo models (IRE, ICE)
and a cytotoxicity test (NRU) explained more
of the variability in the data than any single
test used alone. The prediction models (PMs)
derived could be evaluated in future valida-
tion studies. The multivariate analysis was
also useful for the identification of outliers,
for the identification of the most mechanisti-
cally sound combination of in vitro tests to
include in a battery, and to generate ideas for
future research.  

Several factors could account for the low
precision of the predictions observed in this
study: a) the choice of test chemicals; b) the
test methods which were evaluated; c) the
variability in the in vivo data; d) the use of
the MMAS as the in vivo endpoint; and e) the
choice of statistical methods (correlation
analysis and linear regression). It is now
recognised that the variability of the in vivo
data should be considered during the assess-
ment of method performance. Computer
simulations carried out by Bruner et al. (10)
have shown that, even if the alternative
methods were perfectly reproducible (if their
coefficients of variation were 0), the variabil-
ity in the Draize scores alone would restrict
the Pearson�s correlation coefficients to the
range 0.89�0.95 when the Draize scores are
between 0 and 100, and to the range
0.65�0.80 when the Draize scores are
between 0 and 40 (typical of cosmetics ingre-
dients). 

In summary, none of the nine tests used
alone was sufficiently predictive of in vivo
eye irritancy for the full set of test chemicals,
even though some of the tests were suffi-
ciently reproducible. In spite of the disap-
pointing results, the EC/HO study made a
valuable contribution to the validation
process by highlighting the importance of
optimising the protocols and refining the
PMs of alternative methods before entering
them into a large-scale validation study (10).
The optimisation of protocols and refine-
ment of PMs is now carried out routinely as
part of the prevalidation process (11).

The COLIPA study

The European Cosmetic, Toiletry and Per-
fumery Association (COLIPA) established a
validation study to determine whether cur-
rently available in vitro methods are valid for
predicting the eye irritation potential of cos-
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metic ingredients and formulations (7).
Specifically, the study was designed to deter-
mine whether the data obtained by alterna-
tive methods could provide acceptable
agreement with the MMAS, provide accept-
able agreement with individual tissue scores
and recovery time in the Draize test, or cor-
rectly predict eye irritation potential in the
rabbit eye. The COLIPA validation study
was designed to build on the lessons learned
in the EC/HO study, for example, by ensur-
ing that PMs were defined before the valida-
tion study began (10).

Ten alternative methods were assessed in
the COLIPA study: the chorio-allantoic
membrane vascular assay (CAMVA),
EYTEX, the FL test, the HET-CAM test, the
NRU assay, the pollen tube growth (PTG)
assay, the neutral red release test
(Predi-SafeTM), the RBC assay, the SM assay,
and the tissue equivalent assay (TEA). Five
of these tests had protocols in common with
the EC/HO study (the EYTEX, HET-CAM,
NRU, RBC and SM tests).

The alternative methods were evaluated
under blind conditions in 32 participating
laboratories by using 55 test substances, of
which 23 were cosmetic ingredients and 32
were formulations. Twenty of the cosmetic
ingredients have also been assessed in the
EC/HO study, so that the data from both
studies could be pooled and analysed in
greater detail in the future. The formula-
tions included make-up products, skin
cleansers, sunscreens, hair dyes, shampoos,
deodorants and toothpastes.

The COLIPA study was carried out in two
stages: a dry run on ten test substances to
ensure compliance with the Standard Oper-
ating Procedures, and a main run on all test
substances. Good Laboratory Practice (GLP)
was used at all stages of sample coding, ran-
domisation and supply to the participating
laboratories. The raw data were collected
centrally and received a quality assurance
check before they were independently
analysed with statistical methods which had
been agreed before the start of the study. 

By using predefined criteria of reliability,
the results indicated that none of the meth-
ods entered into the study could be con-
firmed as a valid replacement for the Draize
eye test across the full range of irritancy.
However, three methods (the FL test, the
RBC assay and the TEA) each satisfied one
criterion of reliability. The FL test and the

TEA were conducted in only two laborato-
ries, so it was concluded that their repro-
ducibility should be checked in a further
study. The predictivity of each method was
assessed against the PM derived by the lead
laboratory for that method. The PM for the
TEA was a mathematical equation for the
prediction of MMAS associated with a 95%
CI. The PMs for the RBC assay and the FL
test were classification models (predicting
three levels of irritancy), associated with a
95% CI of the kappa (κ) statistic (the κ sta-
tistic is a chance-corrected measure of agree-
ment ranging from zero [no agreement] to
one [perfect agreement]). For the TEA, all of
the data points fitted entirely within the 95%
prediction intervals of the PM in one labora-
tory. This was the only case in the entire
study in which such a close fit was observed.
The results from the other laboratory tended
to over-predict eye irritancy in that seven of
the data points did not fit within the confines
of the 95% prediction intervals. The TEA PM
tested covered a range of response between
MMAS 0 and MMAS 86. Practical con-
straints of taking samples at very short time
intervals prevent assessment of more-
severely irritating materials. The FL test PM
was adequate for distinguishing non-irritat-
ing substances from strongly irritating sub-
stances. However, since substances of
moderate irritancy were under-represented,
it was concluded that further work should be
conducted to determine whether the FL test
is capable of distinguishing between sub-
stances of moderate irritancy and substances
at the extremes of the irritancy scale.

A multivariate analysis of the data from
the COLIPA validation study has also been
conducted. The approach used both PCA and
PLS techniques similar to those used for the
EC/HO study. The results of this analysis
were similar to those observed for the
EC/HO study, in that improved PMs could be
developed based on combinations of in vitro
endpoints. However, these models were
heavily weighted on the TEA because of the
good fit of the data to the PM. Excluding
TEA data from the analysis considerably
reduced the predictive capacity of the mod-
els.

In summary, the COLIPA validation study
was designed to build on the results obtained
in the EC/HO study, taking into account the
lessons already learned. The outcome was
promising for three methods (the FL test,
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the TEA and the RBC assay), but firm con-
clusions regarding their validity could not be
made, indicating a need for follow-up stud-
ies.

The BGA/BMBF study

During 1988�1994, a validation study was
carried out in Germany (12, 13) to evaluate
the suitability of two in vitro tests to replace
the Draize eye test for severe eye irritants,
i.e. the HET-CAM test and the NRU test
using 3T3 (mouse fibroblast) cells (3T3
NRU). These tests were chosen for valida-
tion because they had been identified as the
most promising tests for identifying severe
eye irritants in an earlier project (14, 15).
The validation study was coordinated by the
Centre for Documentation and Evaluation of
Alternative Methods to Animal Experiments
(ZEBET) at the Bundesgesundheitsamt
(BGA), and was supported financially by the
German Department of Research and Tech-
nology (BMBF). The study was conducted in
two phases: Phase I (1988�1990) consisted of
a prevalidation study and a blind trial, and
Phase II (1990�1994) consisted of a database
development phase and biometrical analysis.

During Phase I, standardised protocols for
the 3T3 NRU and HET-CAM tests were
developed, and the two tests were estab-
lished in 13 laboratories. Following an inde-
pendent assessment of the intralaboratory
and interlaboratory reproducibilities of the
two tests, 34 test chemicals were selected for
the blind trial. These chemicals were sup-
ported by high quality in vivo data, and
included chemicals outside the limited group
of surfactants for which the tests had been
developed. The 34 chemicals were coded, and
the two tests were assessed under blind con-
ditions in 13 laboratories. Both tests had sat-
isfactory intralaboratory and interlaboratory
reproducibilities, although the 3T3 NRU test
was more reproducible than the HET-CAM
test. In contrast, the HET-CAM test was bet-
ter at identifying severe eye irritants (chem-
icals classified as R41 according to EU
guidelines). Both tests were capable of rank-
ing the test chemicals in a similar order to
that derived from in vivo data. 

During Phase II, further evaluations of the
HET-CAM and 3T3 NRU tests were con-
ducted by testing each method with 166
industrial chemicals under blind conditions
in two laboratories. These chemicals, chosen
to be representative of the chemicals pro-

duced by the pharmaceutical and chemical
industries, were different to the 34 chemicals
tested in Phase I. Thus, the HET-CAM and
3T3 NRU tests were evaluated with a total of
200 chemicals (147 new chemicals and 53
existing chemicals). During an independent
quality control of the database, 57 chemicals
were excluded from further analysis because
of the unacceptable quality of their in vitro
or in vivo data, leaving 143 chemicals for
analysis. The PMs which had been developed
in Phase I for the two in vitro tests were
found to be insufficiently predictive of severe
eye irritancy because a new criterion had
been introduced in the EU classification sys-
tem (16), i.e. the presence of irreversible
damage within a 21-day observation period
was now sufficient for an R41 classification
to be assigned. Therefore, some post hoc data
analyses were performed by using linear dis-
criminant analysis (LDA) to obtain the opti-
mal combination of in vitro endpoints for
discriminating between severe (R41) and
non-severe irritants. During the database
development phase, a total of ten in vitro
endpoints had been determined (nine for the
HET-CAM test and one for the 3T3 NRU
test), but since the full set of values for the
ten endpoints was not available for 27 of the
143 chemicals, the LDA was based on 116
chemicals. This revealed that the best end-
point for identifying severe irritants was the
detection time of coagulation. Not only was
this more predictive than the other nine end-
points, it was also more predictive than the
traditional HET-CAM endpoint based on the
combined use of haemorrhage, lysis and
coagulation. For water-soluble chemicals, it
was found that the detection time of coagu-
lation using a 10% solution had the highest
discriminating power, whereas for less
water-soluble chemicals, the detection time
of coagulation using the undiluted chemical
was more appropriate. The classification of
water-soluble chemicals was improved fur-
ther by combining the time-to-coagulation
endpoint with the 3T3 NRU endpoint (IC50;
the concentration of test chemical resulting
in a 50% inhibition of neutral red uptake).
The classification models derived by LDA
were confirmed by cross-validation. 

The authors of the BGA/BMBF study con-
cluded that chemicals can be classified as
severe irritants (R41) with sufficient reliabil-
ity by the combined use of the HET-CAM
test and the 3T3 NRU test, both of which are
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well-validated tests, as required by OECD
Guideline 405 (4). Since 1992, the German
authorities have accepted the use of
HET-CAM data for the classification of R41
chemicals in the notification of new indus-
trial chemicals. Finally, the report of a vali-
dation study (13) provides a good illustration
of the use of multivariate statistics in the
development of PMs and in the design of
tiered testing strategies. 

The CTFA study

The Cosmetics, Toiletries and Fragrance
Association (CTFA) conducted a six-year
programme (1990�1996) to evaluate promis-
ing in vitro alternatives to the Draize eye
irritation test (17�19). The programme was
carried out in three phases, each phase serv-
ing to investigate the performance of approx-
imately 24 in vitro tests (not counting
variations of each test) with respect to a spe-
cific group of products: Phase I tested
hydro-alcoholic formulations (10 materials);
Phase II tested oil�water emulsions (18
materials); and Phase III tested surfac-
tant-based formulations (25 materials). All
test materials were coded by an independent
laboratory so that both the animal tests and
the in vitro tests could be conducted in a
blind fashion. The animal experiments,
which generally used six rabbits per test
material, were carried out either in parallel
(Phase I), or according to a randomised block
design (Phases II and III). The latter method
enabled the in vivo variability of the MMAS
to be assessed more realistically. In all of the
animal experiments, anaesthesia was applied
to the eyes prior to dosing.

When the experimental stage of each
phase of the study had been completed, the
chemical identities were revealed, and the
relationship between the in vivo and in vitro
data was analysed by statistical methods.
First, a �concordance analysis� was carried
out in which a comparison was made
between the in vitro and in vivo rankings of
the materials. The in vitro tests which per-
formed to a certain level in the concordance
analysis were subsequently analysed by
non-linear regression to approximate the
relationship between the in vitro and in vivo
scores. A novel feature of this analysis was
the inclusion of a 95% prediction interval.
This reflects the variability of both the in
vitro test and the in vivo test, and enables
the observer to visualise the range of in vivo

scores predicted by a given in vitro result.
The variability of the Draize test in each

phase of the study was quite striking, even
though the animal tests had been carried out
in a single laboratory. In Phases I and II, the
variability was smallest for the least irritat-
ing chemicals, and increased as the irritancy
increased. In contrast, the variability in
Phase III was greatest in the middle of the
irritancy range and smallest at the two ends
of the scale. The Draize scores were confined
to the lower end of the Draize scale (less than
46), which is the most relevant range for cos-
metic formulations.

The performance of the in vitro tests also
varied between the three phases. In general,
the concordance of the in vitro assays was
higher, and the prediction intervals were
narrower, for Phase I and Phase III materi-
als than they were for Phase II materials.

In conclusion, several features of the
CTFA study are noteworthy. Firstly, the
variability of the in vivo scores was taken
into account when determining the perfor-
mance of the in vitro methods. Secondly,
regression analysis was used to determine
95% prediction intervals for the estimation
of in vivo scores. Thirdly, the predictivity of
each in vitro method was shown to vary
according to the type of material being inves-
tigated.

The IRAG study

The Interagency Regulatory Alternatives
Group (IRAG), which is made up of repre-
sentatives from three US regulatory agencies
(the Food and Drug Administration [FDA],
the Environmental Protection Agency
[EPA], and the Consumer Product Safety
Commission [CPSC]), carried out a 3-year
programme (1991�1994) to evaluate the per-
formance of in vitro assays for eye irritation
(20). The evaluation was based on existing
animal and in vitro data, which were submit-
ted in parallel by laboratories around the
world. Over 60 data sets from 41 laboratories
were received for 29 different test methods.
The in vitro data were compared not only
with the MMAS, but also with the individual
tissue scores representing the damage of the
cornea, conjunctiva and iris. 

A set of guidelines was developed to stan-
dardise the data submissions and to facilitate
their review (21). These guidelines included:
general guidelines for the acceptance of data;
criteria for the collection and collation of in
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vitro data; criteria for the collection and col-
lation of in vivo data (individual animal and
tissue scores were requested); criteria for the
review and evaluation of data; and the for-
mat to be used when reporting the summary
of an evaluation (see below).

Five working groups were established,
each containing 4�10 members, to review
data from: organotypic models (22); chorio-
allantoic membrane-based assays (23); cell
function-based assays (24); cell cytotoxicity
assays (25); and other assays (26). In addi-
tion, a statistical subcommittee was formed
to help in the planning and analysis of the
study (27). At the end of the programme,
each working group published a summary of
its evaluation, and presented its conclusions
at an open forum (Workshop on Eye Irrita-
tion Testing, Washington, DC, USA, Novem-
ber 1993). Most of the reviews were based on
scatterplots of paired in vivo and in vitro
data and on regression analyses of the result-
ing relationships. The variabilities of both
the in vivo test and the in vitro tests were
taken into account, and were generally rep-
resented on the scatterplots by the inclusion
of error bars. The reviews revealed differ-
ences in predictivity between test methods
for the same types of chemicals, and between
chemical types for the same test method;
none of the tests showed a satisfactory per-
formance across all chemical groups. In gen-
eral, the ability to obtain strong in vitro�in
vivo correlations was compromised by the
variable nature of the animal test. 

The IRAG study led to several conclusions:
none of the in vitro tests, and no combina-
tion of the tests, could completely replace the
animal test; alternatives to the Draize test
are currently being used by industry as
screens in the risk assessment process for
product development; and some of the in
vitro models have the potential to reduce ani-
mal testing, provided that they have been
validated and are conducted under
well-defined conditions.

The MHW/JCIA study

In 1991, the Japanese Ministry of Health
and Welfare (MHW) began a study to inves-
tigate the possibility of using alternatives
to the Draize test for the safety assessment
of cosmetic ingredients (28). A detailed
review of 16 methods led to the selection of
12 methods for inclusion in an interlabora-
tory validation study (29), carried out

under the auspices of the MHW and the
Japanese Cosmetic Industry Association
(JCIA). 

The 12 methods assessed in the
MHW/JCIA study were: the HET-CAM
method; the HET-CAM-trypan blue staining
method (CAM-TB); the RBC haemolysis
method; the haemoglobin denaturation
method (HD); the artificial skin models
SKIN2TM (ZK1100 model) and MATREXTM;
cytotoxicity on normal rabbit corneal cells
(CornePackTM); the crystal violet staining
(CVS) method using transformed rabbit
corneal (SIRC) cells (SIRC-CVS); the NRU
method using SIRC cells (SIRC-NRU); the
reduction of 3-(4,5-dimethylthiazole-2-yl)-2-
5-diphenyl tetrazolium bromide (MTT) using
human cervical carcinoma (HeLa) cells
(HeLa-MTT); the CVS method using Chinese
hamster lung (CHL) cells (CHL-CVS); and
EYTEX. A total of 27 laboratories in Japan
participated in the validation study. Each
method (except for MATREX and CHL-CVS)
was assessed in at least five laboratories, and
most laboratories assessed more than one
method.

The test chemicals, comprising 38 cos-
metic ingredients, were tested in three
phases (9, 15 and 14 ingredients in the first,
second and third phases, respectively). The
samples were coded, randomised and sup-
plied to the participating laboratories, and
tested in accordance with the principles of
GLP. The in vitro data were compared with
Draize rabbit data obtained by a single labo-
ratory in accordance with OECD Guideline
405 (4), and the variabilities of the in vitro
and the in vivo data were analysed.

Interlaboratory variability, as judged by
the mean CV (the coefficient of variation
averaged across all chemicals), was less than
50% for all in vitro tests except the HET-
CAM and HD tests, for which the mean CVs
were greater than 50%. However, the mean
CVs of these tests could be reduced to below
50% by excluding the non-irritants from the
analysis. The in vivo data were more vari-
able, particularly MMAS values in the range
15�50, which is important for the evaluation
of cosmetic ingredients. The correlation
between the in vitro results and the MMAS
was high (Pearson�s coefficient greater than
0.7) for CAM-TB, HD, SIRC-CVS, SIRC-
NRU, HeLa-MTT and CHL-CVS, but it was
low (0.3) for EYTEX. The Pearson�s correla-
tion coefficients for the cytotoxicity tests
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exceeded 0.8 if acids, alkalis and alcohols
were excluded. The MMAS scores were also
grouped into five categories according to the
Kay & Calandra classification scheme (29),
i.e. non-irritant (0 ≤ MMAS < 0.5), slight
irritant (0.5 ≤ MMAS < 15), mild irritant (15
≤ MMAS < 25), moderate irritant (25 ≤
MMAS < 50) and severe irritant (50 ≤
MMAS). The rank correlation between the in
vitro results and these categories was high
(Spearman�s coefficient greater than 0.8) for
HET-CAM and CAM-TB, and was increased
if powdered substances were excluded from
the analysis. In the case of the cytotoxicity
tests, the rank correlation was also greater
than 0.8, provided that the acids, alkalis and
alcohols were excluded. In general, the
Spearman�s rank correlations were higher
than the Pearson�s correlations. In addition
to comparing the in vitro data with the
MMAS, comparisons were also made with
the 24-hour weighted Draize score. The
MMAS produced closer correlations than the
weighted Draize score. On the basis of these
results, it was concluded that none of the
alternative methods could be used to test all
types of test substances, and that a battery of
tests would be needed to optimise the ability
to predict eye irritancy. 

The Way Forward

Given the experience gained in previous vali-
dation studies, the workshop participants
agreed that initiatives should be taken to
expedite the elimination of the Draize eye irri-
tation test. It was decided that progress
toward the short-term reduction and refine-
ment of animal use, and the long-term
replacement of the Draize test, could be
achieved by four parallel activities: a) an eval-
uation of the benchmarking (reference stan-
dards) approach; b) a review of tiered testing
strategies; c) further analyses of the data
obtained in previous studies; and d) research
on the mechanisms of eye irritation. Before
these activities are reviewed, it is useful to
consider the various purposes for which the
Draize test is currently used, since this has
implications for the development and valida-
tion of non-animal methods. In addition, the
case for changing the Draize test protocol for
the testing of solid materials is presented,
since this would provide a means of refining
the test in the short term.

Current uses of the Draize test 

Eye irritation data are used in at least two
contexts: in the hazard classification of
chemicals for regulatory purposes; and in the
safety assessment of ingredients and mix-
tures of ingredients used in a wide range of
industrial, pharmaceutical and consumer
products. The questions asked within each
context are different, so the types of data
needed for the two situations are not equiva-
lent. This means that the development and
validation of an alternative to the Draize test
will be subject to different considerations,
depending on the intended purpose of the
alternative method.

In the hazard identification of chemicals,
the purpose of testing is to classify eye irrita-
tion potential according to classification
schemes defined by regulatory authorities.
Current proposals by the OECD (31, 32) rec-
ommend a tiered (stepwise) approach to haz-
ard identification in which new chemicals
can be classified as irritating to the eye on
the basis of results from a non-animal test.
Testing in animals is only required as a last
step to confirm negative results generated by
the non-animal tests applied in earlier steps.
Thus, the stepwise process represents both
reduction and refinement, but the in vivo
test is not replaced.

During the development and validation of
a non-animal method intended as a screen in
a stepwise testing strategy, it might be suffi-
cient that the test can place chemicals into
two or more categories of eye irritation
potential, without generating too many false
positive results. There is less concern about
the generation of false negatives because
these will presumably be identified by the
animal test(s) carried out in the last step of
the process. 

In the safety assessment of opthalmologi-
cal and cosmetic ingredients, mixtures and
products, toxicologists face different require-
ments. In this case, the placement of test
substances into broad irritation categories is
often not sufficient, since it is necessary to
prove the absence of adverse effects in the
eye. In the past, this was accomplished by
using in vivo endpoints such as the average
eye irritation scores obtained over several
days, the MMAS, the number of days
required for an irritation response to clear,
and the appearance of secondary lesions (for
example, corneal ulcerations). All of this
information was used to demonstrate that
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products, particularly those used around the
eye, would not cause adverse effects. Nowa-
days, there is an increasing reliance on non-
animal methods, but if these are ever to be
used as complete replacements for the
Draize test, product safety toxicologists will
have to be assured that the predictions
obtained are reliable. It has been concluded
that a longer term approach will be needed to
develop mechanism-based alternatives which
could serve as replacements for the Draize
eye irritation test across the full range of
response (33). An overview of areas of
research is provided below.

Refinement of the Draize test

The Draize test could be refined by changing
the way in which solid materials are treated.
In the Draize test, solids are instilled as a
bulk material in the conjunctival sac, where
they may be held for up to 24 hours. If the
substance is poorly soluble and has cytotoxic
properties, the combined effect of mechanical
damage and cytotoxicity can cause very
severe effects. Such a high and persistent
exposure does not occur in rabbits when test-
ing liquids for eye irritation, nor does it occur
when testing compounds for skin irritation
(dermal exposure for 4 hours). It is a situa-
tion which is not consistent with accidental
human exposure, and which cannot be mim-
icked by many alternatives. An example of
the effects of solid entrapment is provided by
sodium perborate (chemical 37 in the EC/HO
study). The in vivo data for this substance
(34, 35) show that the corneal opacity was
slight or moderate an hour after exposure,
and covered only a small part of the cornea
(the lower part), whereas the conjunctival
swelling was severe. It is not clear from the
data whether solid remains were still present
in the conjunctival sac at the 24-hour read-
ing, or whether rinsing of the eye was per-
formed. However, in two rabbits, the
maximum corneal opacity (score of 4) was
observed 21 days after treatment. As a result
of this effect, sodium perborate is classified as
R41/Category A (Appendix 1), even though it
has a relatively low MMAS (score of 30) and
caused low in vitro scores in several assays
(6). Similarly, four other solid materials (cap-
tan 90 concentrate, quinacrine, and 1-naph-
thalene acetic acid [and its sodium salt])
which caused low or moderate in vitro scores
in the EC/HO study, are also classified as
R41/Category A (Appendix 1). 

One of the disadvantages of testing solids
in the standard rabbit eye test is the amount
of test substance which is typically instilled
into the rabbit eye. OECD Guideline 405 (4)
recommends using either a volume of 0.1ml
of solid (in the form of a fine, but slightly
compacted, dust) or a weight of no more than
0.1g. However, because the density of solids
is often much higher than 1g/ml, overdosing
can occur, possibly increasing the variability
in the eye effects. The disadvantages of test-
ing solids are discussed in more detail by
Walker (36), who contends that the use of a
lower volume of test material, placed directly
onto the cornea, gives a much better predic-
tion of eye irritation in humans.

The benchmarking/reference standards
approach

The term �reference standard� (RS) should
not be confused with �positive control�. A
positive control is a substance which is
known to give a positive response in a partic-
ular in vitro assay, and which is used to con-
firm the correct conduct of the assay. In
contrast, an RS is a substance which has a
known degree of toxicity in vivo, and which
can be used in vitro to determine the degree
of toxicity of test substances, whose effects
are scaled relative to the RS. For example, if
two RSs are available corresponding to
known boundaries of eye irritation potential
(for example, R41/R36 and R36/NI), it should
be possible to classify a test substance by
comparing its in vitro result with the in vitro
results of the two RSs. It should also be pos-
sible to obtain a measure of confidence for
the classification according to the proximity
of the in vitro result to each boundary. Con-
ceivably, a positive control could also act as a
reference standard, if it were used both to
determine the validity of an assay and to
scale the toxic response of a test substance. 

In industry, RSs are already widely used
for making safety decisions regarding the
acceptability of new formulations of existing
ingredients, and for prioritising further
developments. Three other roles of RSs can
be foreseen: a) within companies, for the
development and cross-validation of in vitro
assays, when RSs could be used to investi-
gate and calibrate new or existing assays by
using data available in the public domain; b)
in the validation of alternative methods, as a
replacement for the totally blind approach
which currently exists, so that substances
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can be grouped into categories defined by the
RSs; and c) in regulatory toxicology, for the
submission of data on selected new sub-
stances to competent authorities. This would
apply to substances for which the physical,
chemical and other properties are known,
and where it can be demonstrated that the
use of the RS is toxicologically relevant.

To investigate the applicability of the RSs
(benchmarking) approach in the validation
and acceptance of in vitro tests, the ECVAM
Reference Standards Working Group has been
established, with the following membership:
Michael Balls (ECVAM), Lesley Earl (Unilever
Research, UK), Julia Fentem (ECVAM) and
Richard Lewis (Zeneca CTL, UK). 

Criteria for the selection, use and validation
of reference standards
The ECVAM working group on RSs agreed
that the following criteria should be applied
to determine whether a substance is a suit-
able RS for use in a given in vitro test.

1. The RS should be readily available in a
chemically pure and stable form.

2. The RS should provide reproducible
results within the test system of choice.

3. The RS should be associated with in vivo
data (preferably human) of high quality
and low variability.

4. The set of RSs chosen should cover the
full range of the in vivo toxicological end-
point, which should be clearly defined.

Having established a set of suitable RSs, the
following points should be considered before
they are used in testing chemicals: a) the rel-
ative toxicity of the RS and test material (if
known); b) the chemistry (including struc-
ture and functional class) and physical form
of the RS relative to the test substance; and
c) the likely mechanisms of toxicity (if
known) of the RS and test substance.

The criteria for determining whether an
assay and its associated RSs are ready for
prevalidation and validation are similar to the
criteria applied to any alternative method.

1. The method and RSs must be well-devel-
oped and associated with good supporting
data.

2. The method and RSs must be relevant to
the toxicological endpoint.

3. There must be a protocol and PM cover-
ing the use of the RSs.

4. There must be evidence that the repro-
ducibility of the RSs is adequate for the
purpose.

An ECVAM study to evaluate the use of 
reference standards in the validation process
The ECVAM Reference Standards Working
Group decided that an initial evaluation of
the benchmarking approach should be made
by concentrating on eye irritancy as the tox-
icological endpoint. There are a number of
reasons for this decision: a) several valida-
tion studies for eye irritation have so far
failed to find suitable alternatives, which are
urgently required; b) several in vitro eye irri-
tation assays are promising candidates for
evaluation by the reference chemicals
approach; c) there are a few groups of chem-
icals which could be considered as candidate
RSs available in the public domain; d) good
quality human exposure data could be avail-
able for some chemicals; and e) there is a
large industrial community which has a
wealth of experience in using RSs for assess-
ing eye irritancy. 

The details of an ECVAM-sponsored study
are currently being finalised. It is envisaged
that five in vitro methods will be included in
the study, i.e. the ICE test, the BCOP test,
the combined use of the HET-CAM and NRU
tests, EpiOcularTM, and the RBC haemolysis
test. For each method, chemicals belonging
to one or more chemical groups will be tested
in a single laboratory (i.e. there will be five
laboratories in total). Most of the chemical
groups will be defined in terms of functional
class or physical form, although a mixed
group will also be tested in each laboratory.
The testing of chemicals will be carried out
in two phases. In the first phase, each labo-
ratory will be required to test up to five
chemicals per chemical group (these will be
the RSs) and to develop a PM. At this stage,
the chemical identities and accompanying in
vivo data will be supplied to the laboratories.
In the second phase of testing, each labora-
tory will be required to repeat the testing of
the RSs in Phase I and to test a further five
chemicals per chemical group, which will be
supplied coded. Each laboratory will be
required to predict the eye irritation poten-
tial of the five test chemicals, by using the
PM developed in Phase I. The reliability and
relevance of each in vitro test, as judged by
the benchmarking approach, will be assessed
by independent data analysis.
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Review of stepwise testing strategies

Stepwise (hierarchical) testing strategies are
approaches to toxicity testing in which alter-
native methods (structure-activity relation-
ships, biokinetic models, physicochemical
techniques and in vitro tests) are applied in
sequence before any animal tests are carried
out. In addition to providing a means of
implementing the Three Rs, stepwise testing
strategies optimise the use of existing knowl-
edge and resources, and promise to improve
the scientific basis of toxicity testing. The
tiered approach to eye irritation testing
should be particularly useful, since it seems
unlikely that any single in vitro/ex vivo test
will be capable of reproducing the complexity
of the in vivo response. 

Hierarchical testing schemes have been
proposed in the literature for a variety of tox-
icological endpoints, including skin irrita-
tion/corrosion (37, 38), skin sensitisation
(39), phototoxicity (40) and neurotoxicity
(41). For the assessment of eye irritancy,
there have been several proposals based on
the combined use of a cytotoxicity test and
an organotypic test, including: the 3T3 NRU
cytotoxicity and HET-CAM tests (13); the
K562 cytotoxicity and isolated rabbit eye
(IRE) tests (42); and the 3T3 NRU cytotoxic-
ity and ICE tests. The proposal made by
Spielmann et al. (13) for the combined use of
the 3T3 NRU cytotoxicity and HET-CAM
tests consists of a tiered strategy for the
identification of severe eye irritants (R41
chemicals), as defined by EU criteria (3). The
strategy is applicable to chemicals with dif-
ferent solubility characteristics, for which
separate PMs were derived by using the data
generated in the German validation study on
alternatives to the Draize test (13). The com-
bined use of the 3T3 NRU cytotoxicity and
ICE tests also appears to provide an effective
means of identifying severe irritants (defined
as chemicals having an MMAS > 59) accord-
ing to the results of a discriminant analysis
carried out on the EC/HO study chemicals,
in which only three out of 40 non-severe irri-
tants (chemicals having an MMAS < 59)
would be overclassified as severe irritants
(M. Liebsch, personal communication).

At the regulatory level, a tiered approach
to eye irritancy/corrosivity testing is pro-
vided for in the 1987 update of OECD Guide-
line 405 (acute eye irritation/corrosion; 4),
although no particular testing strategy is
specified. A proposal for a testing strategy

was discussed at an OECD Workshop on
Harmonization of Validation and Acceptance
Criteria for Alternative Toxicological Test
Methods, held in Solna, Sweden, in January
1996 (31). Subsequently, the proposed strat-
egy was modified by the OECD Advisory
Group on Harmonization of Classification
and Labelling, which incorporated a Testing
and Evaluation Strategy for Eye
Irritation/Corrosion (Figure 1) into its
revised proposal for the harmonisation of
hazard classification based on eye irrita-
tion/corrosion (32). Important features of the
proposed OECD strategy are: a) it allows for
the classification of chemicals as irritant or
corrosive to the eye on the basis of validated
alternative methods; b) it only permits the
use of animal tests to check negative results
(non-irritant and non-corrosive) generated
by one or more alternative methods; and c)
animal testing is refined by using a single
rabbit test to detect serious damage to the
eyes (in which case no further testing would
be conducted) before conducting one or two
additional rabbit tests to detect moderate
irritancy. The results of a study carried out
by ECVAM indicate that the basic design of
the OECD testing strategy provides an effec-
tive means of reducing and refining the use
of the Draize eye test. The report of this
study (43) is intended to illustrate a general
approach to the evaluation of stepwise test-
ing strategies. The same approach has also
been applied to the proposed OECD testing
strategy for skin corrosion (44).

Further analysis of completed validation
studies 

Considerable effort has been directed toward
the post hoc analysis of completed validation
studies. For example, Menk Prinsen (TNO,
Zeist, The Netherlands) has classified the
EC/HO chemicals according to both the cur-
rent EU classification system (3) and the har-
monised classification system proposed by the
OECD (32). A comparison of the two sets of
classifications indicates that the OECD classi-
fication system is broadly comparable to the
current EU system (Appendix 1). It is sug-
gested that the OECD system will provide an
appropriate choice of classification system
during international validation studies which
assess alternative methods in terms of their
ability to predict eye irritation potential. 

Other efforts have used the techniques of
multivariate statistics to extract information
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No or don�t know

Figure 1: Proposed OECD testing and evaluation strategy for eye irritation/
corrosion

Data relating to historical human or animal experience
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1a
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One rabbit eye test Serious damage to eyes8 Category B

Not an eye irritant

Adapted from reference 53.

SAR = structure-activity realtionship; SPR = structure-property relationship.
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Experimentally assess skin corrosion potential (see
Testing Strategy for Skin Irritation/Corrosion) Skin corrosive7 No evaluation of
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(considering acid or 

alkaline reserve)
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No or don�t know

SAR/SPR Serious damage to eyes2a Category B

No or don�t know

Data relating to historical human or animal experience Skin corrosive1b No evaluation of
effects on eyes
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from validation study data sets. These tech-
niques are particularly well-suited to the
analysis of these data sets, which generally
consist of many variables (physicochemical
properties and biological endpoints), corre-
lated with one another to varying degrees,
for a given set of objects (chemicals or for-
mulations). The following sections describe a
number of commonly used multivariate tech-
niques, and illustrate their application in the
field of eye irritation testing. Some results of
post hoc data analysis are also outlined above
in the review of previous validation studies.
At present, the data from the EC/HO and
COLIPA studies are being analysed by the
COLIPA Eye Irritation Task Force, to iden-
tify the outliers (substances significantly
under-predicted or over-predicted by
non-animal test methods) which may help to
explain the outcome of these studies. The
work of this task force will be reported in the
near future.

Principal components analysis
PCA is a method for reducing the number of
variables in a complex data set with the min-
imum loss of information (variance). The
original variables are transformed into new
variables called principal components (PCs),
which are linear combinations of the original
variables. The PCs are constructed in such a
way that all PCs are orthogonal (uncorre-
lated), and the first PC accounts for the
greatest proportion of the variance in the
original data set, while subsequent PCs
account for decreasing proportions of the
remaining variance. The PCs can be inter-
preted in terms of their vector loadings,
which are simply the coefficients in the lin-
ear combination of original variables: the
greater the loading of a PC for a particular
variable, the more the PC is composed of
that variable. 

An example of the use of PCA in a valida-
tion study is provided by Barratt et al. (44).
PCA was used to visualise the relationship
between the skin corrosivity potential of four
groups of chemicals (acids, bases, elec-
trophiles and neutral organics) and their
physicochemical properties. The PCA plot
for each group of chemicals showed a general
separation between the corrosive chemicals
and the non-corrosive chemicals, and
enabled borderline chemicals to be identi-
fied. This information was used in the
ECVAM validation study on alternatives to

the skin corrosivity test, to guide the selec-
tion of test chemicals, and to assist the inter-
pretation of in vitro data (46). 

A further illustration of the applications of
PCA is provided by Lovell (47, 48). PCA was
used to obtain the PCs of 18 rabbit eye tissue
scores (referring to damage of the cornea,
conjunctiva and iris after 24 hours, 48 hours
and 72 hours) from 352 animals and 55 test
substances. The first PC, which accounted
for 77% of the variability in the in vivo data,
gave approximately equal weight to the 18
tissue scores and was strongly correlated
with the total Draize score (TDS) and with
the MMAS, whereas the second PC, which
accounted for 7% of the variability, was
found to contrast damage to the cornea and
iris from damage to the conjunctiva. These
results indicate that the TDS and the MMAS
capture most of the information about tissue
damage which can be observed between the
24-hour and 72-hour time-points in the
Draize test. The study also showed that the
TDS (to which the corneal score contributes
80 units out of a maximum of 110) is strongly
correlated with the sum of non-weighted tis-
sues scores (to which the corneal score con-
tributes 24 units out of a maximum of 60). It
was concluded from this that the TDS and
MMAS provide a suitable means of sum-
marising the information recorded in the
Draize test, despite the high weighting of the
corneal score in these measures. It was also
concluded that there is only limited evidence
for differential responses of the different tis-
sues (within 24�72 hours of treatment), and
that alternative methods which are devel-
oped to predict specific types of tissue dam-
age on the basis of Draize test results are
unlikely to be successful.

Partial least squares
PLS analysis is similar to PCA in that it
reduces the number of variables in a complex
data set, but it differs in that the variables
are divided into two subsets, relating to the
dependent variables and the independent
variables. PCA is carried out on each subset
of variables, and multiple regression is used
to correlate the PCs of the dependent vari-
ables with the PCs of the independent vari-
ables. The PCA and multiple regression are
carried out in order to preserve as much of
the variance in the dependent and indepen-
dent variables as possible, while at the same
time maximising the strength of the correla-
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tion between the dependent variables and
the independent ones. The results of PLS
analysis are visualised as projections on
two-dimensional maps. Variables which pro-
ject furthest from the origin of the graph are
the most relevant, whereas those located
closest to the origin are the least relevant.
Variables which project close to one another
are positively correlated, whereas those
which project diametrically opposite to one
another are negatively correlated. Further
details of the PLS method are provided by
Lindberg et al. (49).

A study carried out by de Silva et al. (50)
illustrates the use of PLS in establishing bat-
teries of in vitro alternatives to the eye irri-
tation test. The technique was applied to a
data set consisting of 11 in vitro endpoints
(relating to eight tests) and 27 in vivo end-
points for a set of 32 surfactants and surfac-
tant-based formulations. The analyses
indicated that the most predictive methods
were the HET-CAM test, the BCOP assay,
and the NRU-SIRC assay. The most predic-
tive battery was composed of (in decreasing
order of relevance): a) the HET�CAM test; b)
the SM test; c) the BCOP assay; and d) the
agarose overlay assay.

Cluster analysis
Cluster analysis (CA) is a method for visual-
ising (and quantifying) the similarity
between different objects (chemicals), or
between different variables (physicochemical
and toxicological endpoints). The objects or
variables are placed in multi-dimensional
space, so that adjacent observations can be
grouped in a stepwise fashion. This results in
a dendrogram in which all of the observa-
tions are grouped into one or more clusters.
The similarity between observations is
defined as the distance (typically, the Euclid-
ean distance) between them. There are vari-
ous types of clustering algorithm, which can
be distinguished according to: a) the number
of links they allow between observations; b)
whether they allow links to be broken once
they have been formed; and c) whether clus-
ters are built up from individual observa-
tions, or split off from a single cluster
containing all observations. Further details
on cluster analysis are given by Gordon (51).

A possible use of CA would be the cluster-
ing of in vitro endpoints to help in the selec-
tion of tests for inclusion in a testing
strategy. To illustrate this application, 16 in

vitro endpoints for predicting eye irritation
potential were clustered on the basis of the
in vitro scores for 43 chemicals (Figure 2). It
can be seen that the cell-based assays cluster
together, as do the organotypic assays, even
though the distinction between the two types
of assays was not fed into the clustering
process. If CA were used in the design of a
testing strategy, tests would be chosen from
different clusters since this would maximise
the amount of information provided by the
strategy as a whole, i.e. the tests would be
selected on the basis of their dissimilarity.

Linear discriminant analysis
Linear discriminant analysis (LDA) is a
method for classifying objects into two or
more groups on the basis of one or more vari-
ables. It works by �plotting� the objects in
one-dimensional or multi-dimensional space
(depending on whether one or more variables
are being used), and by constructing one (or
more) linear boundaries which separate the
objects into two (or more) groups. Each
boundary is defined by a linear equation
which contains as many terms as there are
variables, and which is used in the classifica-
tion of objects. In the simplest applications of
LDA, there is only a single boundary
between two groups. If only one variable is
used, a point-like boundary results which
can be used as a cut-off value for classifying
the objects into the two groups. If two vari-
ables are used, the boundary can be thought
of as a line, and if three or more variables are
used, the boundary becomes a plane or
hyperplane in multi-dimensional space. In
situations where there are many potentially
useful variables, stepwise LDA can be used
to choose the variables which provide the
best discrimination between groups. An
introduction to LDA is given by McFarland
& Gans (52).

LDA can be used to derive PMs for pre-
dicting the toxicological classifications of
chemicals. An example is provided by Spiel-
mann et al. (13), who report that the com-
bined use of HET-CAM and the 3T3 NRU
test provides a satisfactory means of distin-
guishing severely irritant (R41) chemicals
from non-severely irritant chemicals. Step-
wise LDA of ten endpoints (nine HET-CAM
and one 3T3 NRU) showed that the best dis-
crimination was achieved by using a single
HET-CAM endpoint (the time taken for
coagulation to occur), rather than the usual
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weighted combination of endpoints based on
haemorrhage, lysis and coagulation. The
addition of the 3T3 NRU endpoint to the
model improved the identification of R41
chemicals which cause irreversible effects
(according to a recent modification of the EU
guideline [16], any chemical which causes an
irreversible eye effect is classified as R41,
regardless of the degree of that effect). On
the basis of the LDA analyses, various test-

ing strategies based on the sequential appli-
cation of HET-CAM and the 3T3 NRU were
proposed. Depending on the solubilities of
the test substance in oil and water, slightly
different PMs were recommended for con-
verting the in vitro test results into predic-
tions of eye irritancy.

Research on the mechanisms of eye irritation

An international workshop on the develop-

Figure 2: Cluster analysis of 16 in vitro endpoints for predicting eye irritancy

1 = silicon microphysiometer; 2 = red blood cell (H50); 3 = red blood cell (Dlow); 4 = fluores-
cein leakage; 5 = neutral red uptake; 6 = red blood cell (Dmax); 7 = isolated rabbit eye (opacity
at 1 hour); 8 = isolated chicken eye (swelling); 9 = isolated chicken eye (opacity); 10 = isolated
chicken eye (fluorescein retention); 11 = isolated rabbit eye (opacity at 4 hours); 12 = isolated
rabbit eye (swelling at 1 hour); 13 = isolated rabbit eye (swelling at 4 hours); 14 = hen�s egg
chorio-allantoic membrane test; 15 = bovine corneal opacity/permeability; 16 = EYTEXTM.

Cluster analysis was applied to the in vitro data for the 60 European Commission/British
Home Office study chemicals, by using the single-linkage, Euclidean distance, algorithm in
Minitab 11 (Minitab, State College, PA, USA). The data were first standardised by subtraction
of the mean and division by the standard deviation.
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ment of non-animal replacements for the
Draize eye irritation test, organised by
COLIPA, was held in Brighton, UK, on 6�8
October 1997 (33). This workshop brought
together experts in basic eye research and
consumer product toxicologists who conduct
eye safety assessments. The expert panel
concluded that there are two likely explana-
tions for the difficulty experienced in the
identification of non-animal tests which are
adequately predictive for the assessment of
consumer products. Firstly, the mechanistic
basis of current in vitro methods has not yet
been fully established. Secondly, the stan-
dard Draize eye irritation test may not be
adequate as the basis for judging the perfor-
mance of non-animal tests. It was agreed
that the fastest way of replacing the Draize
eye irritation test would be to undertake
additional research aimed at improving our
capacity to measure the eye irritation
response and at providing information on
the mechanisms by which chemicals cause
eye irritation. A second workshop held in
Brussels, Belgium, in October 1998, recom-
mended the initiation of a research pro-
gramme to: a) develop an appropriate set of
reference test substances for use in the
research; b) evaluate the area and depth of
corneal injury as markers of eye injury; c)
explore the use of early biomarkers of eye
injury (for example, the release of
cytokines); d) develop methods for evaluat-
ing corneal wound healing; e) develop meth-
ods for assessing the kinetics of eye injury;
and f) develop methods for assessing injury
to nerve cells in the cornea. A multicentre
programme designed to conduct this work is
now being developed and will be submitted
for joint funding between interested parties.

Conclusions and Recommendations

General

1. Several reasons could explain why a
number of in vitro tests for eye irritation
have been unsuccessful in previous vali-
dation studies: a) the in vitro tests only
partially modelled the complex in vivo
eye irritation response; b) the protocols
and PMs of the tests might have been
insufficiently developed; c) the tests
were judged on their ability to predict
the MMAS, which is a variable measure
of in vivo irritancy; and d) the statistical

methods chosen for comparing the in
vitro and in vivo results might not have
been the most appropriate. 

2. When developing and validating
non-animal methods, it is important to
clearly state the purpose of the non-ani-
mal test. Methods which are intended to
be screens in a hierarchical testing
scheme will be subject to different pre-
dictivity criteria than methods proposed
as replacements for the in vivo test.

3. When assessing the predictivity of an
alternative method during a validation
study, a useful consideration is the best
possible predictivity which can be expected
on theoretical grounds. This can be esti-
mated by carrying out computer simula-
tions which model the effect of variability
in the in vivo data on the strength of the in
vitro�in vivo relationship. 

4. During an international validation study
in which the predictivity of an alterna-
tive method (or combination of alterna-
tive methods) is being evaluated in
terms of its ability to classify chemicals,
a suitable choice of classification scheme
appears to be the proposed OECD
scheme for the harmonised classification
and labelling of chemicals based on eye
irritation/corrosion. However, it should
be remembered that classification sys-
tems do not remove variability in data;
they merely reduce the apparent vari-
ability.

5. The use of RSs is widespread in indus-
try, where they are used with great
effect to make safety decisions. It is
highly desirable that the knowledge
which exists in industry is transferred to
the regulatory bodies responsible for the
hazard and risk assessment of new
chemicals and formulations. It is impor-
tant that agreement is reached on the
chemicals which can be used as RSs.
These chemicals should be well-charac-
terised, readily available, and associated
with high quality in vivo data (prefer-
ably obtained in accordance with inter-
national test guidelines).

6. The use of RSs could provide a new way
of validating in vitro tests. Therefore,
ECVAM intends to carry out a pilot
study to evaluate the usefulness of ref-
erence chemicals in the validation of
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alternatives to the Draize eye irritation
test.

7. The development and implementation,
in a regulatory testing framework, of
appropriate testing strategies for eye
irritation, which limit the use of the
Draize rabbit test to the final step, are
critically dependent on the availability of
one or more scientifically validated in
vitro tests for inclusion in the testing
strategy. Therefore, either ways must be
found to demonstrate that the in vitro
tests currently being used in-house are
indeed valid for the purposes to which
they are being put, or new in vitro tests
will need to be developed and validated.

8. Test batteries combining a cytotoxicity
test with an organotypic test appear to
provide an effective means of identifying
irritant chemicals, at least for screening
purposes. Before any combination of
methods is accepted for use in a tiered
assessment process, it must be ade-
quately validated, and the acceptable rate
of false positive results must be agreed.

Recommendations to the regulatory 
community

9. OECD Guideline 405 (acute eye irrita-
tion/corrosion) should be modified with
respect to: a) the in vivo testing of solid
materials (the solid material should be
removed from the eye after treatment, to
produce a more-relevant and more-repro-
ducible exposure, and to reduce unneces-
sary animal suffering); and b) the use of
physicochemical measurements (one or
more PMs for converting measurements of
pH and buffering capacity into predicted
classifications of eye irritancy should be
cited, along with the chemical concentra-
tion at which the pH measurements
should be carried out).

10. The proposed OECD testing strategy for
eye irritation/corrosion should incorpo-
rate one or more in vitro methods in
steps 5a (screening of severe irritants)
and 6a (screening of irritants), provided
that these have been validated in an
interlaboratory validation study. 

Recommendations for further research

11. The in vitro test results from the EC/HO
and COLIPA validation studies should

be compared with the eye irritation clas-
sifications defined by both the EU and
the OECD guidelines. This will reveal
whether the predictive capacity of the
methods improves as a result of the new
classification system.

12. The predictive abilities of several testing
strategies for eye irritation should be
evaluated. The evaluations should
include an assessment of the validation
status of the component tests and of the
testing strategies as a whole.

13. Further research is needed on the quan-
titative structure-activity relationship
modelling of eye irritancy, including the
development and evaluation of models
for predicting levels of irritancy (for
example, R41/R36/NI).

14. A study should be conducted to examine
the relationship between the pH of a
chemical, its buffering capacity, and its
capacity to cause tissue injury. 

15. There is a need for alternative methods
which are capable of modelling the per-
sistence or reversibility of eye effects.
For example, an in vitro assay for
reversibility could be based on the
release of inflammatory mediators.

16. Further research is needed to develop
predictive batteries of methods based on
a better understanding of the mecha-
nisms of eye irritation. In particular,
there is a need to: a) develop early mark-
ers of eye injury; b) evaluate the area
and depth of corneal injury as markers
of eye injury; and c) develop methods for
assessing wound healing, pain and the
kinetics of the eye response.
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Introduction

The failure of recent validation studies (1,
2) to find a suitable replacement to the
Draize test is partly a result of the statisti-
cal method chosen for evaluating the per-
formance of the in vitro tests. The
relevance of these methods was assessed by
correlating the in vitro test scores with the
Modified Maximum Average Draize Test
Score (MMAS), which is problematic
because the MMAS shows considerable
variability, particularly in the middle of the
irritancy range. The use of the MMAS as
the in vivo endpoint in an international val-
idation study could also be regarded as
inappropriate on the grounds that most
regulatory systems (for example, the Euro-
pean Union [EU], US Environmental Pro-
tection Agency, US Food and Drug
Administration, and Canadian workplace
systems) do not classify chemicals on the
basis of their MMAS values, but according
to their effects in individual tissues of the
eye (conjunctiva, cornea and iris), taking

into account the recovery from or irre-
versibility of these effects. However, it
would be difficult to accommodate all of the
different classification systems when con-
ducting a validation study. Fortunately,
this should soon be unnecessary, since an
OECD proposal for the global harmonisa-
tion of criteria for the classification of eye
irritants (3, 4) is in its final phase of accep-
tance. The aim of this study was to examine
the effect of applying the OECD criteria to
chemicals which have already been classi-
fied according to EU criteria (5).

Materials and Methods

The animal data for 59 of the European Com-
mission/British Home Office (EC/HO) chemi-
cals were taken from the ECETOC reference
chemicals data bank (6). These data were
used to classify the 59 chemicals according to
both EU criteria (5) and the proposed OECD
criteria (3, 4), which are summarised in
Tables I and II, respectively. Chemicals which

Appendix 1

An Evaluation of the OECD Proposal for the
Harmonised Classification of Eye Irritants and
Corrosives

Menk K. Prinsen

TNO Nutrition and Food Research Institute, Division of Toxicology, 3700 AJ Zeist, The
Netherlands

Summary � Classifications of eye irritation/corrosion were assigned to 59 of the chemicals
used in the European Commission/British Home Office (EC/HO) validation study by applying
both European Union (EU) criteria and the harmonised criteria proposed by the OECD. It was
found that the application of the two classification systems to the 59 chemicals resulted in com-
parable classifications: all of the chemicals classified as R36 or R41 according to EU criteria
were classified as Category B or Category A, respectively, according to the proposed OECD cri-
teria. Only two of the 59 chemicals, ethanol and ethyl-2-methylacetoacetate, were classified dif-
ferently by the two systems; they were unclassified by the EU system, and were classified as
Category B by the OECD system. It is concluded that: a) the proposed OECD classification sys-
tem is broadly equivalent to the EU classification system; and b) future validation studies on
alternatives to the Draize test would benefit from the application of the OECD classification
system to the test chemicals.
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Table I:  European Union classification system for eye irritation/corrosion

R36 R41
(irritating to eyes) (risk of serious damage to eyes)a

Effect Three animalsb Six animalsc Three animalsb Six animalsc

Corneal opacity ≥ 2.0, but < 3.0 ≥ 2.0, but < 3.0 ≥ 3.0 ≥ 3.0
Iris lesion ≥ 1.0, but < 2.0 ≥ 1.0, but ≤ 1.5 ≥ 2.0 > 1.5
Conjuctival ≥ 2.5 ≥ 2.5
redness

Conjunctival ≥ 2.0 ≥ 2.0
chemosis

aA classification of R41 is also assigned if one of the eye effects has not reversed at the end of
the observation period in at least one animal.
bThe classification is assigned if the mean tissue effect (averaged over the 24-hour, 48-hour and
72-hour periods) is greater than or equal to the threshold value in at least two of the three ani-
mals. In this study, the same criteria were applied if four rabbits were used.
cThe classification is assigned if the mean tissue effect (averaged over the three periods and
over the six animals) is greater than or equal to the threshold value.

Table II:  Proposed OECD classification system for eye irritation/corrosion

Effect Category Ba Category Ab

Corneal opacity ≥ 1.0 ≥ 3.0
Iris lesion ≥ 1.0 > 1.5
Conjunctival redness ≥ 2.0
Conjunctival chemosis ≥ 2.0

aAll effects have to be reversible within 21 days of treatment. The subcategory of B1 can be used
for chemicals considered to be mildly irritating to the eyes, i.e. chemicals whose eye effects are
reversible within 7 days of treatment.
bCategory B is also applicable if an eye effect has not reversed, or is expected to reverse, within
21 days of treatment in at least one animal.
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Table III: Classifications of eye irritation/corrosion for 59 chemicals obtained by
applying European Union (EU) and OECD criteria

In vivo data Classificationa

No. Test chemical Referenceb MMAS EU OECD

1. Sodium hydroxide (10%) 82 108 R41 A
2. Benzalkonium chloride (10%) 186 108 R41 A
3. Trichloroacetic acid (30%) 36 106 R41 A
4. Cetylpyridium bromide (10%) 193 90 R41 A
5. Cetylpyridium bromide (6%) 191 86 R41 A

6. Benzalkonium chloride (5%) 184 84 R41 A
7. Captan 90 concentrate 170 83 R41 A
8. Chlorhexidine 231 82 R41 A
9. Cyclohexanol 77 80 R41 A
10. Quinacrine 230 82 R41 A

11. Promethazine hydrochloride 229 72 R41 A
12. Parafluoroaniline 105 70 R41 A
13. Triton X-100 (10%) 207 69 R36 B
14. Acetone 157 66 R36 B
15. Hexanol 74 65 R36 B

16. 1-Naphthalene acetic acid, sodium salt 168 64 R41 A
17. Sodium oxalate 147 61 R41 A
18. Isobutanol 70 60 R36 B
19. Imidazole 124 59 R41 A
20. Sodium lauryl sulphate (15%) 176 59 R36 B

21. 2-Ethyl-1-hexanol 68 51 R36 B
22. 4-Carboxybenzaldehyde 79 50 R36 B
23. Methyl ethyl ketone 155 50 R36 B
24. Pyridine 123 48 R41 A
25. 1-Naphthalene acetic acid 166 47 R41 A

26. Benzalkonium chloride (1%)                    180/182           34/56 R41 A
27. 2,2-Dimethylbutanoic acid 34 45 R41 A
28. γ -Butyrolactone 228 43 R36 B
29. Thiourea �c �c �c �c

30. Octanol 66 41 R36 B

31. Methyl acetate 28 40 R36 B
32. L-Aspartic acid 33 37 R36 B
33. Benzoyl-L-tartaric acid 32 37 R41 A
34. Triton X-100 (5%)                                    203/205          32/34 NI/R36 NI/B
35. Potassium cyanate 146 31 R36 B
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could not be classified as irritant or corrosive
to the eye were classified as non-irritant (NI).

In addition, the 59 chemicals were divided
into three groups: MMAS ≤ 25; 25 < MMAS
≤ 59; and MMAS > 59. These cut-off values

were arbitrarily chosen as means of classify-
ing chemicals into three groups. This
three-fold categorisation of chemicals was
compared with the EU classification of
chemicals (NI/R36/R41).

Table III: continued

In vivo data Classificationa

No. Test chemical Referenceb MMAS EU OECD

36. Isopropanol 64 30 R36 B
37. Sodium perborate 144 30 R41 A
38. Dibenzyl phosphate 161 30 R36 B
39. 2,5-Dimethylhexanediol 63 28 R41 A
40. Methyl cyanoacetate 27 28 R36 B

41. Sodium hydroxide (1%) 80 26 R36 B
42. Ethanol 62 24 NI B
43. 2,6-Dichlorobenzoyl chloride 49 24 R36 B
44. Ammonium nitrate 143 18 R36 B
45. Ethyl-2-methylacetoacetate 26 18 NI B

46. Sodium lauryl sulphate (3%) 174 16 NI NI
47. Ethyl acetate 24 15 NI NI
48. Maneb 164 14 R36 B
49. Fomesafen (acid form) 163 14 NI NI
50. Tetraaminopyrimidine sulphate 122 10 NI NI

51. Toluene 101 9 NI NI
52. Butyl acetate 20 8 NI NI
53. Trichloroacetic acid (3%) 30 7 NI NI
54. Methyl isobutyl ketone 149 5 NI NI
55. Tween 20 201 4 NI NI

56. Ethyl trimethyl acetate 18 4 NI NI
57. Methylcyclopentane 138 4 NI NI
58. Cetylpyridinium bromide (0.1%) 187 3 NI NI
59. Glycerol 56 2 NI NI
60. Polyethylene glycol 400 195 0 NI NI

aNI = non-irritant; R36/category B = irritating to eyes; R41/category A = risk of serious dam-
age to eyes.
bData from reference 6.
cAcutely toxic, and therefore discarded from study.

MMAS = Modified Maximum Average Draize Test Score.

Bold type denotes different classifications obtained by applying the EU and OECD systems.
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Results 

The EU and OECD classifications for the 59
chemicals, ordered in terms of decreasing
MMAS, are given in Table III. 

R41 classifications

Twenty two of the 59 chemicals were clas-
sified as R41, of which sodium hydroxide
(10%; chemical 1) and benzalkonium chlo-
ride (10%; chemical 2) had the highest
MMAS values (108), whereas 2,5-di-
methylhexanediol (chemical 39) had the
lowest MMAS (28). The R41 classification
for the latter chemical is due to the persis-
tence of eye effects in at least one rabbit.

R36 classifications

Twenty chemicals were classified as R36, of
which the non-ionic surfactant Triton X-100
(10%; chemical 13) had the highest MMAS
(69) and the pesticide Maneb (chemical 48)
had the lowest MMAS (14). 

NI classifications

Seventeen chemicals were classified as NI;
Triton X-100 (5%; chemical 34) had the high-
est MMAS (32) and polyethylene glycol 400
(chemical 60) had the lowest MMAS (0).

Harmonised OECD classifications

With the exception of two chemicals, all of
the chemicals classified as R41 were also
classified as Category A, and all of the chem-
icals classified as R36 were also classified as
Category B. The two exceptions, ethanol and

ethyl-2-methylacetoacetate, were classified
as NI on the basis of EU criteria, but as Cat-
egory B on the basis of the harmonised
OECD criteria. The subcategory B1 (mildly
irritating) was not taken into consideration.
The difference in the classification of ethanol
under the two systems is interesting, given
that ethanol is used as the positive control in
the bovine corneal opacity/permeability
(BCOP) assay.

Application of MMAS cut-offs

The comparison between the EU classifica-
tions and the classifications obtained by
applying the MMAS cut-offs of 25 and 59 is
summarised in Table IV. The results show
that the cut-off values cannot be used to clas-
sify chemicals reliably. 

Conclusions

It is concluded that: a) the EU and proposed
OECD systems for the classification of eye irri-
tants/corrosives are broadly equivalent; b) the
MMAS cut-offs of 25 and 59 are not appropri-
ate for classifying chemicals according to the
two systems; and c) future validation studies
on alternatives to the Draize test would bene-
fit from the use of classifications based on the
proposed OECD harmonised system.
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Table IV: Classification of eye irritants on the basis of Modified Maximum
Average Draize Test Score (MMAS)

European Union classification

NI R36 R41 Total

MMAS ≤ 25 16 3 0 19
25 < MMAS ≤ 59 1 13 8 22
MMAS > 59 0 4 14 18

Total 17 20 22 59

NI = non-irritant; R36 = irritating to eyes; R41 = risk of serious damage of eyes.
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