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PREFACE

Ocular irritation is a reaction caused by the direct contact of a chemical substance with the
eye, inducing symptoms such as clouding of the cornea, inflammation of the iris, and
redness/edema/secretion of the conjunctiva. It is important to assess ocular irritation,
especially in products used on the face (such as cosmetics) or hair or household products,

any of which can accidentally enter the eye.

The Draize test (Draize et al., 1944) using rabbits has been widely used to evaluate ocular
irritation. In the Draize test, 0.1 ml or 0.1 g of a test substance is instilled into the palpebra of
a rabbit; reactions in the cornea, iris, and conjunctiva are then macroscopically judged over
time on the basis of a set of evaluation criteria. In evaluating the cornea, a maximum of 80
points are assigned on the basis of degree and area of opacity; for the iris, a maximum of 10
points are assigned on the basis of degree of congestion, swelling, and bleeding; and for the
conjunctiva, a maximum of 20 points are assigned on the basis of redness, edema, and
secretion. Thus, the total score is a maximum of 110 points. More weight is placed on
changes in the cornea—as reflected in the higher number of points assigned there—given the
significance of corneal injury. In this test, recovery from a reaction can be evaluated through
successive judgments. Degree of irritation is evaluated on the basis of judgments made, and
the four-step evaluation using the Maximum Average Score (MAS) obtained during the
observation period (Kay and Calandra 1962) is used as the judgment standard. The ocular
irritation tests described in the Organization for Economic Co-Operation and Development
(OECD) test guidelines (OECD number 405, 1987) and the “Guidance for cosmetic safety
evaluation, 2008” (edited by the Japan Cosmetic Industry Association, 2008) are basically

those of the Draize eye irritation test.

The public interests in animal alternative tests have increased recently and the development
of these tests has become a critical task for the cosmetic industry globally. In addition, the
development of alternative methods is accelerating in the world due to new regulations like
the banning of cosmetics in animal ocular irritation tests in the EU (Directive 2003/15/EC,
2003). A lot of ocular irritation alternative methods that use various cell lines and tissues are
being developed around the world (Balls et al., 1999; Ohno et al., 1999; Eskes et al., 2005).
The Bovine Corneal Opacity and Permeability (BCOP) test method and Isolated Chicken Eye
(ICE) test method have only been accepted as OECD TG for predicting severe ocular irritation

in last year. However, no other /n vitro assay was accepted as a TG.
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The Short Time Exposure (STE) test is an alternative ocular irritation test method developed
by Takahashi et al. The STE test was well characterized in terms of employing cultured cells
lines derived from cornea and possessing similar or shorter exposure times than many other
cytotoxicity based methods, e.g. SIRC cells using crystal violet staining (SIRC-CVS) (Itagaki
et al., 1991) and SIRC cells using neutral red uptake (SIRC-NRU) (Okamoto et al., 1990). The
STE test has the advantage of being able to evaluate the ocular irritation potential of water
insoluble chemicals (e.g. toluene and hexanol) by using mineral oil as test vehicle (Takahashi
et al., 2008).

Category classification of ocular irritation by STE test is determined based on the relative
viability assessed for 5% test concentrations. A concentration of test material that had a
relative viability of 70% or less was categorized as an irritant (I) and a concentration of test
material that had a relative viability greater than 70% was categorized as a non-irritant (NI).
For STE test, as secondary approach in order to establish an ocular irritation potency ranking,
a point system based on the test concentration and relative viability resulting from an

exposure to 5% or 0.05% of test material was also proposed (Takahashi et al., 2008).
The objective of this background review document (BRD) is to describe the current validation

status of the STE test, including what is known about its accuracy and reliability. However, a

point system was not used for analysis of accuracy and reliability in this BRD.
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EXECUTIVE SUMMARY

This Background Review Document (BRD) reviews available data and information regarding
the validation status of the Short Time Exposure (STE) test for identifying ocular irritants.
The test method was reviewed for its ability to predict ocular irritant as defined by the United
Nations (UN) Globally Harmonized System (GHS) of classification and labeling of chemicals
(UN 2003) and the U.S. Environmental Protection Agency (EPA) (EPA 1996) . The objective of
this BRD is to describe the current validation status of the STE test, including its accuracy and
reliability.

The information summarized in this BRD is based on publications obtained from the
peer-reviewed literatures. A total of six publications that contained STE test results and
protocol information were existed, of these publications, four publications that contained the
STE test results obtained from two to five labs and GHS classifications (or Draize data for one
publication) allowed for an evaluation of test method accuracy and reliability. However, in this
BRD, all of the ocular irritancy classification (i.e, EPA [EPA 1996], and GHS [UN 2003]) of the
test substances were all reclassified based mainly on the available /7 vivo data listed in the
European Centre for Ecotoxicology and Toxicology of Chemicals (ECETOC) Data Bank
(ECETOC, 1998) and cited literature (e.g. Ohno Y. et al., 1999). Additionally, some in-house
data and unpublished data provided by ECVAM were also used.

Other published STE test studies are reviewed in Section 9.0 (Other Scientific Reports). In
this section the performance analysis (accuracy and intra-laboratory reproducibility) was not
conducted again, the results in these publications were described without modifications.
However, some of these data and some of unpublished data for STE test were used to

analyze the overall accuracy of STE in Section 6 (STE test accuracy).

The STE test is an alternative method for identification of ocular irritant developed by
Takahashi et al. (2008). The STE test was well characterized in terms of employing cultured
cells lines derived from cornea and possessing similar or shorter exposure times (5min) than
many other cytotoxicity based methods, e.g. SIRC cells using crystal violet staining
(SIRC-CVS) (ltagaki et al., 1991) and SIRC cells using neutral red uptake (SIRC-NRU)
(Okamoto et al., 1990).

A total of 119 substances were evaluated in the four validation/prevalidation studies and

original study. A variety of chemical classes have been tested in the STE test. The chemical
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classes with the greatest amount of STE test data was alcohols. Other chemical classes
tested include, esters, surfactants (nonionic), ketones/lactones, surfactants (cationic),

amines, organic salts, carboxylic acids and surfactants (anionic).

Although the detailed /7 vivo data, consisting of cornea, iris and conjunctiva scores for each
animal at 24, 48, and 72 hours and/or assessment of the presence or absence of lesions at 7,
14, and 21 days were necessary to calculate the appropriate GHS (UN 2003) and EPA (1996)
and ocular irritancy hazard classifications, some of the published /7 vivo rabbit eye test data
on the substances used to evaluate the accuracy of STE test for detecting ocular irritants was
limited to average score data or a reported irritancy classification. Thus, a portion of the test
substances for which there was only limited /n7 vivo data could not be used for evaluating test

method accuracy as described in this BRD.

The accuracy evaluation of the STE test was limited to the substances evaluated in four /n
vitro-in vivo comparative studies. The ability of the STE test to correctly identify ocular
irritants, as defined by the GHS (UN 2003) and the EPA (1996) was evaluated using two
approaches. In the first approach, the accuracy of STE test was assessed separately for each
in vitro-in vivo comparative study. In the second approach, the accuracy of STE test was
assessed after pooling data across /in vitro-in vivo comparative studies. The overall accuracy
of the STE test ranged from 74% to 85%, depending on the classification system used.
Sensitivity and specificity ranged from 68% to 84% and from 86% to 96%, respectively. The
false positive rate ranged from 4% to 14%, while the false negative rate ranged from 14% to
32%.

For GHS classification, the accuracy analysis indicated that salts, ketones/lactones and esters
are often overpredicted (100% [1/1], 25% [1/4] and 22% [2/9] false positive rate,
respectively) in the STE test. In contrast, organic/Inorganic salts were most often
underpredicted by the STE test (50% [2/4] false negative rate). Hydrocarbons (50% [2/4]),
esters (25% [1/4]), and alcohols (25% [4/16]) also had high false negative rates. The
numbers of substances among the remaining chemical classes were too few to resolve any
definitive trends in false prediction by the STE test. For the purposes of these analyses, we
considered three substances to be the threshold number per chemical class for consideration,

and thus chemical classes represented by fewer than five substances were not considered.

For EPA classification, the accuracy analysis indicated that only one overpredicted
(Polyethyleneglycol monolaurate (10E.O.)) substance was identified in the STE test. In
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contrast, hydrocarbons (60% [7/9] false negative rate) were most often underpredicted by
the STE test. Esters (50% [5/10]), salts (40% [2/5]), ketones/lactones (33% [2/6]) and
alcohols (29% [5/17]) also had high false negative rates.

Exclusion of three discordant classes (i.e., organic/inorganic salts, ester and alcohols) from
the data set resulted in an increased accuracy (from 85% to 90% [GHS], from 75% to 78%
[EPA]), and a decreased false negative rate (from 16% to 7% [GHS], 32% to 29% [EPA]).

It's notable that 17 or 16 substances labeled as surfactants were not underpredicted by the

STE test regardless the classification system used.

With regard to physical form of the substances overpredicted by the STE test, zero to five
was liquids and zero or one was solids. Although the minor differences were existed
depending on the classification system used, considering the proportion of the total available
data, the rate of overprediction of liquids (74/97 and 73/96) and solids (23/97 and 23/96)

were generally seems to be equivalent by the STE test.

With regard to physical form of the substances underpredicted by the STE test, five or six
were solids and four to 18 were liquid. Although the minor differences were existed
depending on the classification system used, despite the proportion of the total available
database indicated above, the rate of underprediction of liquids and solids were generally

seems to be equivalent by the STE test.

Among the underpredicted substances for which pH information was available, as one was
acidic (pH < 7.0) and zero was basic (pH > 7.0) regardless the classification system used.

Therefore, the acidic substances (26/34; 76% or 25/33; 76%) may have a tendency to
underestimate. However, it is noted that pH information was available for only 35 substances
in all substances with /n vivo data. The numbers of substance among the overpredicted

substances were too few to resolve any definitive trends in overprediction by STE test.

With regard to volatility of the substances underpredicted by the STE test, the accuracy
analysis indicated that the chemicals with the vapor pressure between 10kPa and 1kPa often
underpredicted for GHS and EPA classification systems (50% [4/8] and 67% [8/12] false
negative rate, respectively) in the STE test. When the substance with vapor pressure over

6kPa was excluded from the data set, changes performance statistics were noted regardless
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the classification system used. When the substances with vapor pressure around over 6kPa
were excluded from the data set; accuracy increased (from 86% to 88% [GHS], and from
71% to 73% [EPA]), and the false negative rate decreased (from 20% to 16% [GHS], and
from 38% to 36% [EPA])

The substances with insoluble either in saline, saline with 5% DMSO and mineral oil are
enable to assay. Colored test substances may be problematic as they could interfere with the
optical density measured in MTT assay. In addition, the substances, which cause unexpected
color change by direct MTT reduction, may be misjudged. When these substances were
assigned as “non irritant” in STE test, it would be finally assigned as “inconclusive”. Moreover,
as a result of the findings regarding the predictive capacity of the STE test, the false negative
rates of high volatile substances, or inorganic/organic salts, alcohol, and hydrocarbons
belonging to the solid substances were relatively high compared to that of other substances

regardless the classification system used.

The BRD analysis indicated that solid salts, solid alcohols, solid hydrocarbons and high
volatile substances with vapor pressure over around 6 kPa seems to be out of applicability
domain of the STE test, regardless the classification system used. Moreover, the BRD analysis
also indicated that the surfactant can be evaluated by STE test even if the substance was

categorized into solid salts, solid alcohols, solid hydrocarbons, and high volatile substances.

Therefore, the possibility of a tiered approach combining the STE test, the EpiOcular assay,
and the BCOP assay for predicting the eye irritation potential of substances not soluble in
saline or mineral oil was assessed. The possibility of achieving accurate estimation of
irritation potential for solid salts, solid alcohols, solid hydrocarbons and high volatile
substances was also assessed. As a result, the tiered approach was allowed to estimate the
eye irritation potential of not only insoluble substance but also the substances, which were
categorized into solid salts, solid alcohols, solid hydrocarbons and high volatile substances
accurately. From these results, this tiered approach might be a promising alternative eye
irritation testing strategy capable of testing for wide range of test substances regardless of
solubility and volatility with minimum under prediction (Hayashi et al., 2012a; Hayashi et al.,
2012b).

A quantitative assessment of intra-laboratory data (viability values) from four studies

(Takahashi et al. 2009, Takahashi et al. 2010, Sakaguchi et al. 2011, and Kojima et al. 2012)
provides an indication of the extent of intra-laboratory repeatability of the STE test for

Xviii



STE BRD: Executive Summary May 2012

substances predicted as ocular irritants. For the 44 substances evaluated in the Takahashi
(2009) study, the mean and median %CV values for viability values for replicate were in the
range of 44.5 to 72.0 and 10.2 to 20.6 for the three laboratories, respectively. For the 70
substances evaluated in the Takahashi et al. 2010, the within experiment mean and
median %CV values for viability values for replicate were in the range of 42.3 to 51.0 and
13.2 to 15.8 for the two laboratories, respectively. For the 25 substances evaluated in the
Sakaguchi et al. 2011, the within experiment mean and median %CV values for viability
values for replicate were in the range of 15.8 to 35.6 and 8.5 to 10.4 for the five laboratories,
respectively. For the 40 substances evaluated in the Kojima et al. 2012, the within
experiment mean and median %CV values for viability values for replicate were in the range
of 30.2 to 51.0 and 14.5 to 35.5 for the two or three laboratories, respectively.

A qualitative assessment of the data provided for multiple laboratories in four studies
(Takahashi et al. 2009, Takahashi et al. 2010, Sakaguchi et al. 2011, and Kojima et al. 2012)
provides an indication of the extent of interlaboratory reproducibility. In an assessment of
interlaboratory reproducibility of hazard classification (GHS or EPA), the three participating
laboratories for the Takahashi et al. (2009) study, regardless of the classification system used,
there was 100% agreement in regard to the ocular irritancy classification for all substances
tested in the study. For the study by Takahashi et al. (2010), regardless of the classification
system used, there was 100% agreement in regard to the ocular irritancy classification for all
substances, which were tested in 2 laboratories. For the study by Sakaguchi et al. (2011),
there was 100% agreement in regard to the ocular irritancy classification for 20 (83%) of the
24 substances against GHS classification or for 20 (87%) on the 23 substances against EPA
classification, respectively. For the study by Kojima et al. (2012), there was 100% agreement
in regard to the ocular irritancy classification for 33 (94%) of the 35 substances, regardless
of the classification system used. Substances with less than complete agreement in the
testing laboratories include those representing such chemical classes as alcohols,
ketones/lactones, cationic surfactants and ester compounds.

A quantitative evaluation of interlaboratory reproducibility was conducted for three studies
(Takahashi et al. 2009, Sakaguchi et al. 2011, and Kojima et al. 2012) by performing a %CV
analysis of viability values obtained for substances tested in over than three laboratories. For
the Takahashi et al. (2009) study, the 44 test substances had mean and median %CV values
of 56.7 % and 11.2 %, respectively, for results obtained in three laboratories. For the
Sakaguchi et al. (2011) study, the 25 test substances had mean and median %CV values of
32.3% and 8.6%, respectively, for results obtained in five laboratories. For the Kojima et al.
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(2012) study, the mean and median %CV values for the viability values of the 10 substances
that were evaluated for three laboratories were 58.8% and 51.4%, respectively, for three

laboratories.

The STE test using cultured cells have the advantage of being simple, a quick procedure, and
a low evaluation cost. Furthermore, poorly water-soluble chemicals like toluene, octanol, and
hexanol could be evaluated in the STE test by using mineral oil as the vehicle. Therefore, the
STE test could be considered a building block assay in the tiered, especially bottom up,

approach to establishing an ocular irritation animal alternative testing paradigm.
As stated above, this BRD provides a comprehensive summary of the current validation

status of the STE test, including what is known about its reliability and accuracy, and the

scopes of the substances tested.
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1.0 Introduction and Rationale for the Proposed use of In Vitro Test Methods

to ldentify Ocular Irritants

1.1 Introduction

1.11 Historical Background of /n Vitro Ocular Irritation Tests and Rationale for Their

Development
For many years, the ocular irritation potential of chemicals mostly has been evaluated by the

Draize test. The public interests in animal alternative tests have increased recently and the
development of these tests has become a critical task for the cosmetic industry globally. In
addition, the development of alternative methods is accelerating in the world due to new
regulations like the banning of cosmetics in animal ocular irritation tests in the EU (Directive
2003/15/EC, 2003). A lot of ocular irritation alternative methods that use various cell lines
and tissues are being developed around the world (Balls et al., 1999; Ohno et al., 1999;
Eskes et al., 2005). The Bovine Corneal Opacity and Permeability (BCOP) test method and
Isolated Chicken Eye (ICE) test method have only been accepted as OECD TG for predicting

severe ocular irritation in last year. However, no other /i vitro assay was accepted as a TG.

The Short Time Exposure (STE) test is an alternative ocular irritation method developed by
Takahashi et al. (2008). The STE test was well characterized in terms of employing cultured
cells lines derived from cornea and possessing similar or shorter exposure times than many
other cytotoxicity based methods, e.g. SIRC cells using crystal violet staining (SIRC-CVS)
(Itagaki et al., 1991) and SIRC cells using neutral red uptake (SIRC-NRU) (Okamoto et al.,
1990).

Generally, cytotoxicity tests using cultured cells have the advantage of being simple, a quick
procedure, and a low evaluation cost. In addition, since the scattering of results from
multiple replicas for one sample would be small, intra-laboratory and inter-laboratory
reproducibility would be good for a cytotoxicity test. Such a method could be easily
standardized as an alternative test method. However, this theoretical method will have some
issues such as not being able to evaluate water insoluble materials, acids, alkalis, and
alcohols as well as having the test sample be neutralized by the buffering capacity of medium
(Bagley et al., 1994; Harbell et al., 1997; Ohno, 1999).

The STE test has the advantage of being able to evaluate the ocular irritation potential of

water insoluble chemicals (e.g. toluene and hexanol) by using mineral oil as test vehicle
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(Takahashi et al., 2008).

This test method was based on the cytotoxixity using cultured cell line derived from rabbit
cornea because the cornea cells is one of the main targets during accidental eye exposures,
and damage to the cornea can result in visual impairment or loss. In addition, corneal effects
are weighted heavily in the original /n vivo ocular irritancy scoring systems (e.g., 80 out of a

possible 110 points in the Draize eye test scoring system).

In the STE test, cytotoxicity is determined by the viability of SIRC cells. The viability of cells is
conventionally measured by MTT assay method. While these /7 vitro toxicity measurements
using the corneal cell are correlated with /7 vivo ocular irritation corneal effects, they
represent only one aspect of the overall complex response of the eye to irritants, which

involves other tissues such as the iris and conjunctiva.

For the ocular irritation animal alternative test, it may be unlikely to completely replace the
Draize test by a single /i vitro test because the Draize test evaluates a range of criteria for
injury and inflammation to the eye. The tiered approach of several /n vitro assays combined
was proposed in order to estimate the irritation potential for a wide range of chemical classes
(Hagino et al., 2008; McNamee et al., 2009; Scott et al., 2010).

The STE test, an alternative ocular irritation test, involves exposing SIRC (rabbit corneal cell
line) cells for 5 min to a 5% concentration of test material. Furthermore, poorly water-soluble
chemicals like toluene, octanol, and hexanol could be evaluated in the STE test by using
mineral oil as the vehicle (Takahashi et al., 2008). For these reasons, the STE test could be
considered a building block assay in the tiered approach to establishing an ocular irritation

animal alternative testing paradigm.

The STE test is currently used to by Kao Corporation as in-house method to assess the ocular
irritation potential of industry chemicals, cosmetics and personal care product etc. For
non-registered household products, the STE test is used to predict the relative ocular
irritation potential of newly developed products compared to products on the market or

substances for which the ocular irritation potential has already been determined.

1.1.2 Overview of prior development and validation activities

The Ministry Health and Welfare (MHW) Scientific Study Group conducted validation studies

of several some /n vitro ocular irritation tests (e.g., RBC assay, SIRC-CVS assay, SIRC-NRU
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assay, HeLa-MTT assay, CHL-CVS assay). Accuracy between the results of RBC assay and /n
vivo Draize data was 70% (21/30) when a Draize irritation score of 15 points was used as a
cut-off value. Meanwhile, the accuracy of the SIRC-CVS assay, SIRC-NRU assay, HeLa-MTT
assay, and CHL-CVS assay was around 71% (24/34). (Ohno et al., 1999).

Recently, a retrospective validation activities are ongoing of /n vitro assays (Neutral Red
Release: NRR, Red Blood Cell: RBC, Fluorescein Leakage: FL, Cytocensor Microphysiometer:
CM) is the European Center for the Validation of Alternative Methods (ECVAM) Scientific
Advisory Committee (ESAC) conducted (McNamee et al., 2009). Draft guidelines of FL and
CM were proposed on July 2010.

1.2 Scientific basis for the proposed test

1.2.1 Purpose and Mechanistic Basis of STE test

The STE test is a cytotoxicity-based method that used SIRC cells. As mentioned above, the
STE test was developed as an alternative ocular irritation test method in order to obviate the
need for laboratory animals as the source for test eyes. It was reported that the 90% of
solution dropped into the eye will excrete in 1-2 minutes in human, moreover, 80% of that
will excrete through the conjunctival sac in 3-4 minutes in rabbit (Mikkelson et al., 1973;
Motose, 1984). Therefore, none of the test material seems to retention in the eye over 5
minutes. As mentioned in section 1.1.1, the cornea cells are one of the main targets during
accidental eye exposures. Substances such as surfactants and organic compounds that can
lyse cell membranes and aggregated proteins are cytotoxicity immediately. In order to reflect
an actual exposure situation mentioned above, the endpoint evaluated in the STE test to
measure the extent of damage to the SIRC cells following exposure to a chemical substance
is cytotoxicity. Cytotoxicity is quantitatively measured by the relative viability of SIRC cells.
Cell viability is measured by MTT assay method. Decrease of cell viability is significant

adverse of some irritants that can lead to corneal damage.

1.2.2 Similarities and Differences of Modes of Action Between the STE test and Ocular

Irritancy in Humans and/or Rabbits

1.2.2.1 The In Vivo Rabbit Eye Test Method

For many years, the ocular irritation potential of chemicals mostly has been evaluated by the
Draize test. This test method involves instillation of the test substance into the lower
conjunctival sac of the rabbit eye, and evaluates the cornea, the iris, and the conjunctiva for

adverse effects after exposure to the potential irritant. The cornea is evaluated both for the
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degree of corneal opacity and the area of the cornea in which opacity is involved. The iris is
assessed for inflammation, iridal folds, congestion, swelling, circumcorneal injection, reaction
to light, hemorrhage, and gross destruction. The conjunctiva is evaluated for the degree of

redness, chemosis (swelling), and discharge (Draize et al. 1944).

1.2.2.2 Comparison of STE test with the In Vivo Rabbit Eye Test

The STE method is an alternative ocular irritation method developed by Takahashi et al.
(2008). The STE test was well characterized in terms of employing cultured cells lines derived
from cornea and possessing similar or shorter exposure times (5min) than many other
cytotoxicity based methods, e.g. SIRC cells using crystal violet staining (SIRC-CVS) (Itagaki
et al., 1991) and SIRC cells using neutral red uptake (SIRC-NRU) (Okamoto et al., 1990). In
the STE test, cytotoxicity is determined by the viability of the SIRC cells. The viability is
measured by MTT assay method. While these /n vitro toxicity measurements using the
cultured cell line are correlated with /7 vivo ocular irritation corneal effects, they represent
only one aspect of the overall complex response of the eye to irritants, which involves other

tissues such as the iris and conjunctiva.

In contrast, the /n vivo rabbit eye test involves a qualitative visual evaluation of the severity
of adverse effects on the cornea, the iris, and the conjunctiva, as well as the reversibility of
any ocular effects detected at selected intervals up to 21 days after exposure. In STE test, a
test substance is exposed as solution (5%) to cells for just 5 min, and then rinsed off. In the
/n vivo rabbit eye test, test substances are applied to the conjunctival sac. Because the rabbit
eye can blink and/or tear, exposure of the cornea to the test substance will be affected by
these factors in terms of coverage or duration. The neurogenic components that drive tear
film production are also not present in the STE test. When compared with an /n vivo rabbit
eye study, application of a test substance in the absence of this protective barrier might be
expected to cause an increase in false positive outcomes. On the other hands, in some test
substances (e.g., solids), blinking can also induce mechanical damage /7 vivo, contributing to
a higher degree of irritation. However, this protective mechanism for the eye are absent in
the STE test. Moreover, the STE test does not account for systemic effects following ocular
instillation that may be noted with the /7 vivo rabbit eye test (e.g., toxicity or lethality as in

the case of certain pesticides).
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1.2.3 Intended Range of Substances Amenable to the STE test and/or Limits of STE test

While a wide range of substances with various physicochemical characteristics can be tested

in the STE test, substances with insoluble either in saline, saline with 5% DMSO and mineral
oil are enable to assay. Colored test substances may be problematic as they could interfere
with the optical density measured in MTT assay. In cases where the substances are shown
to reduce MTT directly, only substances that remain bound to the cells after washing,

resulting in a false MTT reduction signal. This will cause the under-prediction.

Sakaguchi et al. (2011) noted the results found that the STE test provided an excellent
predictive ability. However, there were a few chemicals that exhibited cell viability around
70% in the STE test. Those that did have viability around 70% seemed also to have higher
variability in classification between laboratories. In addition, since scattering in the
intermediate range (around 20-85%) of mean cell viability was relatively high, the
interpretation of classification results must be performed carefully. Hence, many more
chemicals with cell viability near the 70% cut-off point need to be evaluated and added to the
databank for future analysis. On the other hands, among the 25 chemicals evaluated in the
present validation study, ethanol and cyclohexanol had predictive rankings in the STE test in
all laboratories that differed from the rankings of the GHS classification. In contrast,
n-hexanol, 1l-octanol, and 2-ethyl-1-hexanol were evaluated correctly by the STE test.
Although alcohols can be evaluated in the STE test, alcohols should be considered chemicals

that could generate false negative results or be predicted to have a weaker toxicity potential.

1.3 Regulatory rationale and applicability

1.3.1 Current Requlatory Testing Requirements

In recent years, several regulations and regulatory agencies have contributed to a greater
emphasis on alternative animal testing for ocular irritation (7th amendment to the Cosmetic
Directive [Directive 2003/15/EC, 2003], Registration Evaluation Authorization and Restriction
of Chemicals [REACH]).

As described below in Section 1.1.1, for the assessment of ocular irritation, one /n vitro
alternative test may not completely replace the Draize test. Therefore, a tiered approach
combining several /n vitro assays, including cytotoxicity assays, is proposed in order to
estimate the irritation potential for a wide range of chemical classes. The STE test is a
cytotoxicity test involves exposing to SIRC cells. Furthermore, poorly water-soluble chemicals

like toluene, octanol, and hexanol could be evaluated in the STE test by using mineral oil as
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the vehicle (Takahashi et al., 2008). For these reasons, the STE test could be considered a
building block assay in the tiered approach to establishing an ocular irritation animal

alternative testing paradigm.

1.3.2 Intended regulatory use(s)

Cell-based cytotoxicity test (e.g. NRR, RBC) such as the STE test have been proposed for
identifying of ocular irritancy (e.g., Category 1 or Category 2 per the GHS classification
system [UN 2003], and Category | to Ill per the EPA classification system [EPA 1996]).

1.3.3 The similarities and differences in the endpoint measured in the proposed test and

currently used /n vivo reference test

As mentioned in Section 1.1.1, this test method was based on the cytotoxicity of cornea cells
because the cornea cells is one of the main targets during accidental eye exposures, and

damage to the cornea can result in visual impairment or loss.

In the STE test, cytotoxicity is determined by the viability of the SIRC cells. The viability is
measured by MTT assay method. While these /n vitro toxicity measurements using the
cultured cell line are correlated with /7 vivo ocular irritation corneal effects, they represent
only one aspect of the overall complex response of the eye to irritants, which involves other

tissues such as the iris and conjunctiva.

1.3.4 How the proposed test fits into the overall strateqy of hazard or safety

As mentioned in Section 1.2.1, for the ocular irritation animal alternative test, it may be
unlikely to completely replace the Draize test by a single /n vitro test because the Draize test
evaluates a range of criteria for injury and inflammation to the eye. The tiered approach
combined several /n vitro assays was proposed in order to estimate the irritation potential for
a wide range of chemical classes (Hagino et al., 2008; McNamee et al., 2009; Scott et al.,
2010).

The STE test is being considered for use in identification ocular irritancy (e.g., GHS category

1 or category 2). For these reasons, the STE test could be considered a building block assay

in the tiered approach to establishing an ocular irritation animal alternative testing paradigm.
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2.0 STE test Protocol Components

2.1 Overview of How the Test is Conducted

A protocol of the present test is attached as Appendix A, and procedures are described in

greater detail below.

The procedure of Takahashi et al. (2008) is used. Briefly, physiological saline (Otsuka
Pharmaceutical Co., Ltd. Tokyo, Japan) is used as first vehicle for test chemicals. If the
chemicals revealed low aqueous solubility, 5% dimethyl sulfoxide (DMSO, Sigma-Aldrich Co.)
in saline is used as 2nd vehicle. In case of water insoluble test chemicals, mineral oil
(Sigma-Aldrich Co.) is used as 3rd vehicle. When saline, DMSO or mineral oil is used with a
test sample, similar vehicle conditions are used as the corresponding control samples. The
cells cultured in 96-well plates are exposed to 200uL of 5% test chemical solutions for 5
minutes. After exposure, the cells are washed with phosphate buffered saline (-) [PBS (-);
Takara Bio Inc., Siga, Japan] twice and 200ul of methylthiazolydiphenyl-tetrazolium bromide
(MTT, Sigma Aldrich) solution (0.5mg MTT/ml of medium) is added. After a 2h reaction time,
MTT formazan is extracted with 0.04 N HCl-isopropanol (Kanto Chemical Co., Inc., Tokyo,
Japan) for 30min, and the absorbance of the extract is measured at 570nm with a plate
reader (Lab A : Corona Electric Co., Ltd., Ibaraki, Japan, Lab B : DS Phama Biomedical Co.,
Ltd. Osaka, Japan, Lab C : Thermo Fisher Scientific Co., Ltd. Kanagawa, Japan). The ratio of
absorbance (%) on each test sample to that of control is represented as relative viability
(triplicate determinations). The control group cells are exposed to physiological saline, saline
with 5% DMSO, or mineral oil. The mean of three wells for each test concentration is
calculated. This is the mean relative viability for one independent test. A total of three
independent tests are conducted for each concentration of a test material, and the calculated

overall mean of three independent tests is used for estimation of ocular irritation.

Absorbance of Test Sample (Absorbance of Test Sample - Blank)

Cell Viability = x 100
Absorbance of Solvent Control (Absorbance of Solvent Control - Blank)

Category classification of ocular irritation by STE test is determined based on the relative
viability assessed for 5% test concentrations. A concentration of test material that have a
relative viability of 70% or less is categorized as an irritant (1) and a concentration of test
material that had a relative viability greater than 70% is categorized as a non-irritant (NI).

The GHS classifications of the chemicals are estimated as NI (not classified or not an eye
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irritant), and I (an eye irritant of category 2 or category 1) based on the Draize data listed in
the European Centre for Ecotoxicology and Toxicology of Chemicals (ECETOC) Data Bank
(ECETOC, 1998), the publicly-available documents (such as Appendix H in ICCVAM, 2006) or
unpublished data (in-house data or data from ICCVAM referred from NIHS Japan, TSCA,
ZEBET, and NLDLS in Appendix B2). By comparing between STE category classification at
5% test concentration and GHS classification, the predictive capacity is confirmed. The
following parameters are determined by the method of Cooper et al. (1982): sensitivity
(percent of “I” chemicals classified by STE test), specificity (percent of “NI” chemicals
classified by STE test), positive and negative predictivity (percent of chemicals classified by
STE that are true NI or 1) and accuracy (total percent of exact classification). The predictive

capacity based on ocular irritation category classification is evaluated in terms of these

parameters.
Classification Viability
Non-irritant > 70%
Irritant < 70%
2.2 Description and Rationale for the Test Components

2.2.1  Materials, equipment, and supplies needed
2.2.1.1 Cells
As mentioned in Section 2.1, SIRC (rabbit corneal cell line, ATCC CCL-60) cells are obtained

from American Type Culture Collection (Manassas, VA, USA). The cells should be used

between 3 weeks and 3 months after the start of cultivation or within 25 passages.

2.2.1.2 Instrument to Measure Viability

The viability of cells is conventionally measured by MTT assay method. Resulting MTT
formazan is extracted with 0.04 N HCl-isopropanol, and the absorbance of the extract is
measured at 570 nm with a micro plate reader made by various manufacturer (e.g., Corona
Electric Co., Ltd., Ibaraki, Japan, DS Phama Biomedical Co., Ltd. Osaka, Japan, Thermo

Fisher Scientific Co., Ltd. Kanagawa, Japan).

2.2.2 Dose-Selection Procedures, Including the Need for Any Dose Range-Finding Studies

As described below in Section 2.1, test substances are applied at the concentration of 5%.

Therefore, the dose-selection procedure is not conduct for STE test.
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2.2.3 Endpoint(s) measured

As described below in Section 1.1.1, the Test was based on the cytotoxicity of cornea cells
because the cornea cells is one of the main targets during accidental eye exposures, and
damage to the cornea can result in visual impairment or loss. In the STE test, cytotoxicity is
determined by the viability of the rabbit corneal cell line (SIRC cells). The viability of cells is

conventionally measured by MTT assay method.

2.2.4 Duration of exposure

2.2.4.1 Pre-Exposure Preparations

As mentioned in Section 2.1, SIRC cells are cultured in Eagle’s MEM (EMEM, Sigma-Aldrich)
containing 10% (v/v) fetal bovine serum , 2mM L-glutamine , 50units/mL penicillin , and
50ug/mL streptomycin (Invitrogen Co., Carlsbad, CA, USA). When the cells proliferated in the
culture flask to confluence, the cells are dispersed with trypsin-EDTA solution (Sigma-Aldrich).
The dispersed cells are spread into 96-well flat-bottomed plates (Corning Coster Co.,
Cambridge, MA) at 3.0 %10 ° cells/well. After incubation (37C, 5% CO,) for 5 days (or 6.0

%10 2 cells/well for 4 days), the cells reach confluence.

2.2.4.2 Selection of vehicles for test substance preparation

As mentioned in Section 2.1, physiological saline (Otsuka Pharmaceutical Co., Ltd. Tokyo,
Japan) is used as first vehicle for test chemicals. If the chemicals revealed low aqueous
solubility, 5% dimethyl sulfoxide (DMSO, Sigma-Aldrich Co.) in saline is used as 2nd vehicle.
In case of water insoluble test chemicals, mineral oil (Sigma-Aldrich Co.) is used as 3rd

vehicle.

2.2.4.3 Test substance exposure volume
A 200L of test sample is applied to cells in STE test. This exposure volume was decided from
the view point both of ease of sample solution application and maximum volume per well of

96-well microplate.

2.2.4.4 Concentration tested

In STE, a monolayer of SIRC cells is used for assay. In contrast, the cornea tissue consists of
multilayer of cornea epithelium. Due to the differences, monolayer cells are susceptible for
the substances compared to the tissue. It is difficult to rinse completely for viscous substance
after neat exposure. And the neat exposure may obtain unnecessarily severe toxicity by
osmotic pressure of the substance. Therefore, as described below in Section 2.1, test

substance is applied at the concentration of 5% in STE test. To address the correspondence
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between the category classification by the STE test and GHS classification, 24 chemicals
were tested by STE test at six concentrations from 10% to 0.05% (Table 2-1). It was found
that the test substance concentration of over 5%, with cut-off value of 70%, produced better
correlation to /n vivo results for 24 chemicals (Table 2-2). However, when the 10% was
applied for the STE test as a test substance concentration, the number of insoluble test
substances in the vehicle was markedly increased (in house data was not shown). Based on

these results, the test concentration of 5% was decided to apply for STE test.

Table 2-1 Viability values of test substances for several concentrations
(test substances were exposed to cells for 5 min)
. Concentration tested
Chemical GHS
10% 5% 1% 0.5% 0.1% | 0.05%

Benzalkonium chloride 1 3.1 2.1 3.5 5.3 6.8 3.1
Cetylpyridinium bromide 1 -0.5 0.6 1.8 2.0 8.8 4.2
Cyclohexanol 1 3.3 1.4 6.1 91.5 97.9 104.5
Sodium hydroxide 1 0.7 1.4 -0.3 0.6 -0.4 -1.4
TritonX-100 1 0.2 -0.1 3.9 0.7 -0.2 0.7
1-Octanol 2A 1.6 -0.5 84.2 89.1 102.8 96.8
2-Ethyl-1-hexanol 2A 6.6 44.0 95.6 95.4 100.6 93.4
Acetone 2A 55.6 9.6 98.2 98.5 99.3 101.4
Ethanol 2A 40.1 98.2 98.9 108.2 97.7 97.1
Methyl ethyl ketone (2-butanone) 2A 20.6 44.7 100.6 93.9 100.7 100.7
n-Hexanol 2A 5.5 -0.3 67.4 84.2 101.8 98.3
2-Methyl-1-pentanol 2B 5.0 1.8 91.7 93.4 103.7 101.6
2-Ethylhexyl p-dimethyl-amino benzoate NI 97.0 106.4 99.3 101.0 98.4 98.3
3.3-Dimethylpentane NI 95.4 92.6 95.3 98.8 100.6 102.4
3-Methoxy-1.2-propanediol NI 94.5 93.6 92.0 94.5 100.5 98.1
Gluconolactone NIt 60.4 88.2 89.7 83.2 93.4 91.0
Glycerol NI 106.5 95.7 100.0 99.2 100.9 100.2
Methyl amylketone NI 45.7 91.7 96.0 101.6 102.9 101.7
Methyl cyclopentane NI 97.6 102.2 100.1 103.3 99.4 104.9
Methyl isobutyl ketone NI 94.1 88.5 101.8 104.9 101.4 107.3
n.n-Dimethylguanidine sulfate NI 96.6 78.6 94.2 95.6 95.9 101.0
Pplyethyleneglycol 400 NI 93.9 92.1 94.6 97.4 100.7 85.9
Propylene glycol NI 96.1 96.4 97.6 98.2 101.9 | 100.5
Toluene NI 94.0 101.3 91.6 97.5 96.3 99.5
Tween20 NI 89.8 21.1 106.9 98.5 97.6 99.5

The viabilities should be classified into "irritant"were indicated in colored cells.
(70 % of cut-off value was used in STE test)
1A GHS category was classified based on the in vivo data reported by Gautheron et al., 1994
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Table 2-2 Accuracy of STE test using several test substance concentration
Concentration tested
10%0 5% 1% 0.5% 0.1% 0.05%
AcCurac 91.7% 91.7% 75.0% 66.7% 66.7% 66.7%
y (22/24) (22/24) (18/24) (16/24) (16/24) (16/24)
False positive rate 16.7% 8.3% 0% 0% 0% 0%

P (2/12) (1/12) (0/12) (0/12) (0/12) (0/12)
False negative rate 0% 8.3% 50.0% 66.7% 66.7% 66.7%
9 (0/12) (1/12) (6/12) (8/12) (8/12) (8/12)

70 % of cut-off value was used in STE test.

2.2.4.5 Test substance exposure duration

As described below in Section 1.2.1, the SIRC cells are exposed for 5 min in order to reflect
an actual exposure situation in the STE test. On the other hands, to address the
correspondence between the category classification by the STE test and GHS classification,
24 chemicals were tested by STE test at three different exposure periods from 1 min to 10

min (Table 2-3). It was found that the exposure period of 5 min, with cut-off value of 70%,

produced best correlation to /n vivo results for 24 chemicals (Table 2-4).
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Table 2-3

(5 % test substance concentration)

May 2012

Viability values of test substances for several exposure time

Exposure time

Chemical GHS - - -
10min | 5min Imin
Benzalkonium chloride 1 5.2 2.1 6.1
Cetylpyridinium bromide 1 1.5 0.6 -1.0
Cyclohexanol 1 3.2 1.4 1.4
Sodium hydroxide 1 1.5 1.4 0.0
TritonX-100 1 2.4 -0.1 2.0
1-Octanol 2A 5.0 -0.5 1.6
2-Ethyl-1-hexanol 2A 18.2 44.0 67.2
Acetone 2A 89.4 91.3 106.0
Ethanol 2A 102.2 98.2 96.4
Methyl ethyl ketone (2-butanone) 2A 18.9 44.7 93.3
n-Hexanol 2A 7.5 -0.3 3.6
2-Methyl-1-pentanol 2B 4.7 1.8 3.3
2-Ethylhexyl p-dimethyl-amino benzoate NI 97.0 106.4 90.3
3.3-Dimethylpentane NI 99.1 92.6 98.1
3-Methoxy-1.2-propanediol NI 105.7 93.6 98.6
Gluconolactone NIt 21.4 88.2 94.3
Glycerol NI 102.3 95.7 99.9
Methyl amylketone NI 97.0 91.7 94.8
Methyl cyclopentane NI 102.1 102.2 87.6
Methyl isobutyl ketone NI 92.3 88.5 92.4
n.n-Dimethylguanidine sulfate NI 77.2 78.6 98.5
Pplyethyleneglycol 400 NI 101.3 92.1 110.8
Propylene glycol NI 99.9 96.4 100.2
Toluene NI 99.0 101.3 90.1
Tween20 NI 5.5 21.1 106.1

The viabilities should be classified into “irritant"were indicated in colored cells.

(70 % of cut-off value was used in STE test)

A GHS category was classified based on the in vivo data reported by Gautheron et al., 1994
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Table 2-4 Accuracy of STE test using several exposure time

Exposure time

10min 5min 1min

Accuracy 83.3% (20/24) | 87.5% (21/24) | 87.5% (21/24)

False positive rate | 16.7% (2/12) 8.3% (1/12) 0.0% (0/12)

False negative rate| 16.7% (2/12) 16.7% (2/12) 25.0% (3/12)

70 % of cut-off value was used in STE test.

2.25 Known limits of use

As described in Section 1.2.3, while a wide range of substances with various physicochemical
characteristics can be tested in the STE test, substances with insoluble either in saline, saline
with 5% DMSO and mineral oil are enable to assay. Colored test substances may be

problematic as they could interfere with the optical density measured in MTT assay.

Takahashi et al. (2009) noted ethanol, isopropylalcohol and sodium salicylate, were
underestimated by the STE method. The false prediction of alcohols may be attributed to
vaporization of the chemicals from saline (Tani et al., 1999). However the mechanism(s) for
the under-prediction still remains to be established. Regarding sodium salicylate, the
irritation score of the neat substance in the Draize test was high at 83.7 while that of a 10%
diluted solution was 0 (Ohno et al.,, 1999). Based on the Draize scores for each test
concentration, a category 1 classification was given to sodium salicylate by GHS. Ohno et al.
(1999) indicated that the ocular irritation caused by the neat substance was largely driven by
physical stimulation while chemical ocular irritation was likely insignificant since the Draize

test of neat substance was conducted with particles of sodium salicylate.

Additionally, the false-positive result has been noted for Tween 20. The MMAS (Modified
Maximum Average Score) value of Tween 20 (neat sample) in the Draize test was reported as
4 (ECETOC, 1998). The high molecular weight of Tween 20 (within 1128) may be the major
factor for the discrepancy observed between the Draize test score and the STE test results.
Due to its size, Tween 20 was not able to reach to the deep part of the cornea (wing cell and
basal cell layer) and basically remain on the cornea surface of the rabbit (Wilhelm et al.,
2001). On the other hand, a monolayer of SIRC cells is used in the STE test,