
Abstract

The Draize rabbit eye test is accepted by U.S. and international regulatory
authorities for the assessment of ocular hazard potential.  However,
concerns about animal welfare and the reliability of the in vivo rabbit
eye test have led researchers to develop in vitro test methods as
alternatives to the currently used Draize rabbit eye test method.  The
National Toxicology Program Interagency Center for the Evaluation of
Alternative Toxicological Methods (NICEATM) and the Interagency
Coordinating Committee on the Validation of Alternative Methods
(ICCVAM) evaluated the Isolated Rabbit Eye, Isolated Chicken Eye,
Bovine Corneal Opacity and Permeability, and the Hens Egg Test-
Chorioallantoic Membrane test methods for their ability to detect ocular
corrosives or severe irritants.  In vivo results were classified based on
U. S. and international ocular hazard classification systems (i.e., U.S.
Environmental Protection Agency [EPA], the European Union [EU], and
the United Nations Globally Harmonized System [GHS]).  Ocular corrosives
and severe irritants were defined as Category 1 according to the GHS,
as Category I according to the EPA, or as R41 according to the EU.  In
vitro results were classified as severe irritants based on decision criteria
obtained from a literature review and/or personal communications with
developers of the individual test methods.  Accuracy of the four evaluated
test methods ranged from 53% to 81% for the GHS classification system;
and was similar across all three regulatory classification systems for
each in vitro test method.  Accuracy analyses based on the
physicochemical characteristics of a test substance suggested limitations
for each test method.  Intralaboratory repeatability and reproducibility
and interlaboratory reproducibility were evaluated, when adequate data
were available, using both quantitative and qualitative approaches.  The
analyses indicated that the test methods were generally reproducible
within and between testing laboratories.  Supported by NIEHS contract
N01-ES-35504.

Abstract

Introduction

Accidental eye injury is the leading cause of visual impairment in the
United States (BLS 2004).  In 2003, eye injuries from chemicals and
their products (6,080) accounted for 16% of all eye injuries (36,940)
reported as the cause of Days Away From Work for employees.  The
ocular irritation or corrosion potential of substances to which humans
may be exposed has been evaluated since 1944 by the Draize rabbit
eye test (Draize et al. 1944).  Efforts to develop in vitro alternatives to
this in vivo test have yet to result in adequately validated1 and accepted
nonanimal test methods for ocular irritancy.  Since a test method must
be demonstrated to be adequately validated before it can be considered
for regulatory acceptance, the U.S. Environmental Protection Agency
(EPA) formally nominated to ICCVAM four in vitro test methods, the
Isolated Rabbit Eye (IRE), Isolated Chicken Eye (ICE), Bovine Corneal
Opacity and Permeability (BCOP), and the Hen’s Egg Test-Chorioallantoic
Membrane (HET-CAM), for evaluation of their ability to identify ocular
corrosives and severe irritants in a tiered testing strategy.

For each of the evaluated test methods (i.e., ICE, IRE, BCOP, and HET-
CAM), the National Toxicology Program Center for the Evaluation of
Alternative Toxicological Methods (NICEATM), which provides scientific
support to ICCVAM, prepared a comprehensive Background Review
Document (BRD) reviewing the available data and information.  NICEATM
released the draft BRD for public comment on November 1, 20042.  On
January 11-12, 2005, ICCVAM convened an Expert Panel to independently
evaluate the validation status of these in vitro test methods for identifying
ocular corrosives or severe irritants3.  Since public comments indicated
that additional data could be made available, the Expert Panel
recommended that the additional data be used in a reanalysis of the
accuracy and reliability of each test method.

In response, an FR notice was published on February 28, 2005 (FR Vol.
70, No. 38, pp. 9661-9662) requesting the submission of all available
in vitro test data and corresponding in vivo rabbit eye test data to
NICEATM.  In addition to considering any data received in response to
the FR notice, the reanalysis of the accuracy and reliability of this test
method took into account (1) changes that occurred in the ocular irritancy
classification of a few substances in response to clarification of the
European Union (EU) (2001) and United Nations (UN) Globally Harmonized
System for Classification and Labelling (GHS) (UN 2003) ocular irritation
classification rules; (2) a decision to use classifications based on in vivo
rabbit eye test data only, and not on physico-chemical properties such
as pH extremes or other test methods (e.g., dermal corrosivity); and (3)
revised chemical class assignments for some substances.  The accuracy
and reliability reanalyses and a revised reference substances list for
validation of in vitro tests to detect ocular corrosives and severe irritants
were presented in a BRD Addendum that was released on July 26,
20052. Additional information on the reanalysis can be obtained at
http://iccvam.niehs.nih.gov/methods/ocudocs/reanalysis.htm.

1Validation is the process by which the reliability and relevance of a test method are
established for a specific purpose (ICCVAM 1997, 2003).
2The draft BRDs and BRD addendum can be obtained at
http://iccvam.niehs.nih.gov/methods/ocudocs/ocu brd.htm
3The January 2005 Expert Panel Report can be obtained at
http://iccvam.niehs.nih.gov/methods/ocudocs/EPreport/ocureport.htm
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Alcohols, ethers, heterocyclcic compounds, and organic salts were the
highest overpredicted chemical classes in HET-CAM IS(B)-10, while
alcohols, aldehydes, amines, esters, heterocyclic compounds, and
organic salts were the highest overpredicted chemical classes in HET-
CAM IS(B)-100 (Table 6).

For the IRE test method, alcohols, amines, ketones, and liquids were
the most overpredicted classes, while carboxylic acids and organic
compounds were the most underpredicted chemical classes (Table 5).

For the ICE test method, alcohols tend to be overpredicted, while
surfactants and solids tend to be underpredicted (Table 4).

Table 4. False Negative and False Positive Rates of
the ICE Test Method, by Chemical Class and
Properties of Interest, for the GHS
Classification System

Table 5. False Negative and False Positive Rates of
the IRE Test Method, by Chemical Class and
Properties of Interest, for the GHS Classifi-
cation System (Analysis Based on the Pooled
Data Set)

Table 6. False Negative and False Positive Rates of
the HET-CAM Test Method, by Chemical Class
and Properties of Interest, for the GHS
Classification System
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In Vitro Test Method Overviews and Databases

BCOP Test Method Overview and Database
The basic procedure for the BCOP test method is provided in Figure
1.  Historically, negative control corneas have been used to correct
opacity and permeability values measured on treated corneas.  Mean
corrected opacity and mean corrected permeability values are calculated
for each treatment group.  An In Vitro Irritancy Score (IVIS) is calculated
using the following empirically-derived formula (Sina et al. 1995):  IVIS
= Opacity value + (15 x OD490 value).

An in Vitro Irritancy Score ≥ 55.1 is considered a severe eye irritant.

Some substances, such as anionic and nonionic surfactants, increase
permeability without significant opacity; thus, only permeability values
are used for certain chemical classes.  In such situations, a test substance
that increases permeability (OD490) > 0.600 is considered a severe irritant.
 In addition, histopathological evaluation of the treated cornea (conducted
after permeability is assessed) is used on a case-by-case basis (Curren
et al. 2000).

The following studies were used for the various analyses:

• Gautheron et al. (1994) • Southee (1998)

• Balls et al. (1995) • Swanson and Harbell (2000)

• Swanson et al. (1995) • Bailey et al. (2004)

• Gettings et al. (1996) • Submission from Dr. Joseph Sina

• Casterton et al. (1996)

A total of 158 substances were used to evaluate the BCOP test method
accuracy.  Data for 127 substances were appropriate for evaluation of
interlaboratory reproducibility, while data for 96 and 41 substances were
appropriate for analysis of intralaboratory repeatability and reproducibility,
respectively.  The BCOP test method protocols used in these studies
were similar to each other, but not identical (differences included number
of corneas used [n=3-5], storage conditions of bovine eyes during
transport, different negative controls).

IRE Test Method Overview And Database
During an IRE study, a test substance is applied to the cornea of eyes
isolated from rabbits.  Test substances are applied as a single dose (100
µL or 100 mg) for 10 sec followed by rinsing with 20 mL.  Corneas are
then evaluated for opacity and swelling (measured as a change in
thickness), fluorescein penetration, and epithelial damage at 0.5, 1, 2,
3, and 4 hours.

Substances that induce a response that exceeds a cutoff score in any
one of four ocular endpoints (corneal opacity score [opacity x area] ≥
3, corneal swelling ≥ 25%, fluorescein penetration score [intensity x
area] ≥ 4, or any sign of epithelial damage [stippling, mottling, ulceration,
etc.]) are identified as corrosive or severe ocular irritants.

The database for the IRE accuracy analysis consisted of a total of 149
test substances obtained from four studies (CEC 1991; Balls et al. 1995;
Gettings et al. 1996; Guerriero et al. 2004).  However, only Guerriero et
al. (2004) used all four ocular endpoints to identify corrosives or severe
irritants.  An analysis based on a “Pooled Data Set” was conducted,
which included all available data from the four studies.  Only one study
(number of substances = 59) could be used to assess the interlaboratory
reproducibility of the IRE test method (Balls et al. 1995).

In Vitro Test Method Overviews and Databases

Figure 1. Basic Procedures for the BCOP Assay

Tables 3 to 6 provide results for each in vitro test method when accuracy
was evaluated for a variety of physical and chemical classes.  The small
number of substances representing most chemical classes allows for
only limited conclusions with respect to the accuracy of test methods
by chemical class or property of interest (e.g., solids vs. liquids, basic
vs. acidic pH, surfactants).  Highlighted chemical classes are those that
might be considered problematic based on: (a) their associated false
positive and/or false negative rates are greater than the overall false
positive and/or false negative rates and (b) there were greater than five
substances used to determine the rate.

For the BCOP test method, the highest overpredicted classes are
alcohols and ketones, while the highest underpredicted class is solids
(Table 3).

Table 2. Comparison of Performance Characteristics
of Four In Vitro Test Method for Identification
of GHS Severe Ocular Irritants or Corrosives

Table 3. False Negative and False Positive Rates of
the BCOP Test Method, by Chemical Class
and Properties of Interest, for the GHS
Classification System

Comparative Test Method Accuracy

The accuracy of the four in vitro test methods for the various data
analysis methods described, when compared to in vivo rabbit eye test
classifications using the UN GHS (UN 2003) classification system are
provided in Table 2.  Similar results were obtained for the EPA and EU
classification systems.

Comparative Test Method Accuracy For the HET-CAM test method, the two to three testing laboratories in
the Spielmann et al. (1996) study were in 100% agreement with respect
to the in vivo/in vitro (when in vivo classifications were based on the
GHS classification system) outcomes for 79% to 82% of the tested
substances, for both analysis methods (Table 10).

Table 10. HET-CAM Qualitative Interlaboratory
Reproducibility Evaluation – GHS Classification
System

Comparative Test Method Reliability

Intra- and inter-laboratory repeatability and interlaboratory reproducibility
was evaluated based on the available information and databases for
each of the test methods.  Two types of interlaboratory reproducibility
analyses were conducted:

• Qualitative analysis: Extent of agreement among testing laboratories
for classification of substances

• Quantitative analysis: Evaluated using a coefficient of variation
calculation

A through description of the reliability analyses conducted for each of
these test methods can be obtained at http://iccvam.niehs.nih.gov/
methods/ocudocs/. For comparative purposes here, Tables 7-10
summarize the results of the qualitative evaluation for each of the
evaluated test methods.

The qualitative analysis for BCOP indicated that 65% to 94% of the
substances were classified the same by the participating laboratories
(Table 7).  When only severe irritants (based on in vivo rabbit eye test
results) were considered, the participating laboratories were in 100%
agreement for 67% to 100% of the substances tested, and were in at
least 80% agreement for at least 83% of the substances tested.

For the ICE test method, the four participating laboratories were in 100%
agreement in regard to the ocular irritancy classification of ~75% of the
substances tested, and were in at least 75% agreement for 90% of the
substances tested (Table 8).  When only severe irritants (based on in
vivo rabbit eye test results) were considered, the participating laboratories
were in 100% agreement for ~70% of the substances tested, and were
in at least 75% agreement for at least 95% of the substances tested.

For the IRE test method, the four testing laboratories in the Balls et al.
(1995) study were in 100% agreement with respect to the in vivo/in vitro
outcomes (severe/nonsevere) 59% (35/59) of the time (Table 9) and
were in 75% agreement for 85% of the substances tested.  For the CEC
(1991) study, the three testing laboratories agreed 81% (17/21) of the
time when the EU classification system was used and were in 67%
agreement for 95% (20/21) of the substances tested.

Table 9. IRE Qualitative Interlaboratory Reproducibility
Evaluation – GHS Classification System

Table 8. ICE Qualitative Interlaboratory Reproducibility
Evaluation – GHS Classification System

Table 7. BCOP Qualitative Interlaboratory Reproduci-
bility Evaluation – GHS Classification System

Comparative Test Method ReliabilityICE Test Method Overview and Database
During an ICE study, a test substance is applied to the cornea of eyes
isolated from chickens processed for human consumption.  Test
substances are applied as a single dose (30 µL or 30 mg) for 10 sec
followed by rinsing with isotonic saline.  A single negative control eye
(treated with saline) is used to verify assay conditions.  Corneal reactions
(swelling and opacity) are measured at 0, 30, 75, 120, 180, and 240 min
post-treatment, and mean values (at each time point for all eyes) for
each endpoint are determined.  Fluorescein retention is evaluated at 0
and 30 min.  The maximum mean value for each endpoint is used to
categorize the response and then the categories for all the endpoints
are used to assign an in vitro irritancy classification (See Table 1).
Morphological (e.g., loosening of the epithelium; roughening of the
corneal surface) and histopathological assessments can also be included
on a case-by-case basis to discriminate borderline cases, although
decision criteria to assign an irritancy classification have not been
established for histopathological endpoints.

A total of 175 substances from five different studies (Prinsen and Koëter
1993; Balls et al. 1995; Prinsen 1996; 2000; 2005) were used to evaluate
the accuracy of the ICE test method; data for 59 substances were
appropriate for evaluation of interlaboratory reproducibility, while data
for four substances were appropriate for analysis of intralaboratory
reproducibility.  The primary difference among various ICE studies was
the number of treated eyes per test substance (3 to 5).

HET-CAM Test Method Overview and Database
During a HET-CAM study, a test substance is applied to the chorioallantoic
membrane (CAM) as a single dose.  Adverse effects on the CAM are
measured up to 300 sec after application of the test substance and
damage to the CAM is assessed by visual inspection.  Each endpoint
(e.g., hyperemia, hemorrhage, and coagulation) evaluated is used to
develop an overall irritancy score that is used to assign an in vitro irritancy
classification.

The following studies were used for this reanalysis:

• CEC (1991) • Kojima et al. (1995)

• Gettings et al. (1991) • Gettings et al. (1996)

• Bagley et al. (1992) • Gilleron et al. (1996)

• Gettings et al. (1994) • Spielmann et al. (1996)

• Vinardell and Macián (1994) • Gilleron et al. (1997)

• Balls et al. (1995) • Hagino et al. (1999)

These studies included a number of variations in test method protocol
(e.g., relative humidity of eggs during incubation, endpoints evaluated)
and methods of data analysis (i.e., IS(A), IS(B), Q-Score, S-Score, mtc10,
and IS & ITC4). Due to these variations, not all studies were suitable for
the accuracy and reliability analyses reported here.  For the IS(B)-10
and IS(B)-100 analysis methods, which are presented here, 101 and
138 substances were evaluated for the accuracy analyses, respectively.
 For the reliability analyses of the IS(B)-10 and IS(B)-100 methods, 107
and 99 substances were evaluated, respectively.

4Analysis methods: IS(A): Irritation responses are evaluated at 0.5, 2, and 5 minutes and
time-dependent scores are assigned to each endpoint.  The total score is calculated by
adding assigned scores.  IS(B): Time of first appearance of endpoint is noted after application
of test substance.  Total score is calculated by using empirically derived formula.  Q-Score:
Calculated as ratio of test substance irritation score to investigator determined reference
standard irritation score.  S-Score: Calculated as the highest total score for any endpoint
evaluated.  mtc10: Mean detection time for appearance of coagulation endpoint when using
a 10% solution.  IS &ITC: Two different analysis methods used.  IS value calculated as IS(A)
or IS(B) (described above).  ITC defined as lowest concentration required to produce a slight
response after application of test substance.).

Possible combinations of the three ICE endpoint categories yielding
a severe irritant/corrosive classification:

• 3 x IV

• 2 x IV, 1 x III or II or 1

• CO ≥ 3 at 30 min

• CO = 4 at any time

• Severe loosening of the epithelium

Table 1. ICE Decision Criteria for Classifying Ocular
Corrosives and Severe Irritants


