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Introduction

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). There have been widespread efforts to develop and validate in vitro alternatives
that might reduce or replace the use of rabbits for ocular irritancy assessments.
ICCVAM is evaluating four in vitro assays for their ability to detect ocular corrosives/severe
irritants in a weight-of-evidence tiered testing strategy. ldeally, this evaluation would
assess the ability of each of the four in vitro assays and the Draize eye test to correctly
predict human ocular toxicity. However, the lack of appropriate human data only allows
for a determination of how well the alternative in vitro assays predict the rabbit response.
In assessing the performance of alternative assays, information on the Draize eye test
reliability would be useful but the paucity of repeat test data precludes an accurate
estimate of inter- and intra-laboratory reproducibility. However, Draize eye test results
can be used to estimate the likelihood of underclassifying a positive substance or
overclassifying a negative substance using the Globally Harmonized System (GHS)
sequential testing scheme (UN 2003).

Individual rabbit data from Draize eye testing using from 1 to 6 rabbits was obtained
for 1004 studies from publications, U.S. Federal regulatory agencies, and scientists
and organizations. Studies were conducted in accordance with Organisation for
Economic Co-operation and Development (OECD) Test Guideline 405. Ocular irritation
categories were assigned based on the United Nations (UN) Globally Harmonized
System for Classification and Labeling of Chemicals (UN 2003) (Table 1). As some
studies used more than three rabbits, rather than the 1 to 3 rabbits currently needed
for the GHS ocular hazard classification system, rules were established to classify the
?ubstanfes tested in these studies according to the 3-rabbit GHS classification rules
Table 2).

Based on the classification rules described in Table 2, the distribution of in vivo rabbit
eye test results in the NICEATM database, by GHS ocular hazard classification, was:

Underclassification Analysis (cont

Table 3 provides the distribution of rabbit responses for those substances that were classified
as Category 1 based on the classification rules described above. Table 4 provides an example
of how the underclassification rate of Category 1 substances as Category 2A were determined.
Similar calculations for underclassification of Category 1 substances as Category 2B, nonirritant,

Jd)

Calculation 1: Homogeneity of Response

and variable also are provided.

Table 3.

Distribution of Individual Rabbit Responses in 181 GHS Category 1 Studies

Underclassification Analysis (contid)

Underclassification Analysis Based on the Criteria Used (see Table 1) to Classify
a Substance as GHS Category 1

The GHS category 1 substances were classified according to the

e C(Criteria 1: Substances that produced a persistent lesion through 21 days in at least
one of three rabbits

e (Criteria 2: Substances that produced a positive response in at least two of three
rabbits

e C(Criteria 3: Substances that produced a persistent lesion through 21 days in at least
one of three rabbits and produced a positive response in at least two of three rabbits

GHS Ocular Hazard Number e (Criteria 4: Substances that produced a corneal opacity of 4 at any time
Classification of Rabbits
P& A6 150 For each criterion, the underclassification rate was estimated using Calculations 1 and
Category (6270) 2. The results of these analyses, totaled across the various nonsevere and nonirritant
Category 1B 50 (7%) classifications, are provided in Table 9.
Category 2A 96 (13%) . . .
: Table 9. Estimated Underclassification Rates for GHS Category 1 Substances Based on
Category 28 58 (8%) Classification Criteria
Nonirritant 20 (3%)
Total 723 (100%)

Table 4. Likelihood that a Category 1 Substance will be Classified as Category 2A

Criteria 1 (%) Criteria 2 (%) Criteria 3 (%) Criteria 4 (%)

Calc1]Calc2]| Calc3 |Calc1]|Calc2|Calc3]| Calcl | Calc2 |Calc3] Calcl|Calc2]|Calc3

8.52% |17.62%|14.57% ] 0.78% | 4.80% |2.43% ] 0.00% | 0.00% |0.00% | 0.61% | 5.30% | 4.06%

777 total studies classified'

Category

Criteria Necessary for Classification

Category 1

> 1 of 3 (= 2 of 6) rabbits have a NICEATM Cat 1A response
> 1of 6 rabbits has a NICEATM Cat 1A response and > 1 of 6 rabbits has a
NICEATM Cat 1B response

> 2 of 3 (= 4 of 6) rabbits have a NICEATM Cat 1B response

Category 2A

> 2 of 3 (= 4 of 6) rabbits have a Cat 2A responses
1 of 3 (2 of 6) rabbits have a Cat 2A responses and 1 of 3 (2 of 6) rabbits

Contribution to
Underclassification Rate

Potential Qutcome Probability Calculation

Calc = calculation

e 181 studies classified as Category 1 2A-2A (96/723)x(96/723) 0.01760
e 60 studies classified as Category 2A 2A-X-2A" (96/723)x(128/723)x(96/723) 0.00312
e 51 studies classified as Category 2B X-2A-2A (96/723)x(128/723)x(96/723) 0.00312
e 185 studies classified as Nonirritant 2A-2B-N0nil‘l‘itantb [(96/723)(58/723)(20/723)]x6 0.00177 - . .
e 15 studies were not classifiable 2A-2B-Category 1B”  [(96/723)(58/723)(50/723)]x6 0.00442 Overclassification Analysis
Total 0.0300 (3.00%)
Table 1. GHS Ocular Hazard Classification System "X refers to an outcome of either Category 1B, Category 2B, or nonirritant The same approaches used for estimating the underclassification rate for a positive
PRefers to a rabbit classified based on severity of opacity or iris effects ocular corrosive or severe irritant, can be used to estimate the likelihood of overclassifying
Category Criteria for Classification (based on a 1 to 3 animal test) a negative substance, using the GHS 1 to 3 rabbit sequential test (see Underclassification
e Atleast 1 animal with a corneal opacity score of 4 at any time (NICEATM Cat Analysis). AS th.e.re was less ewdgnce of het.eroge_n(_elty of response and as there were
Category 1: 1A) Other Underclassification Rates: no clearly identifiable sub-groupings showing distinct patterns of response as was
Irreversible or e Atleast 1 animal with effects not expected to reverse or that do not fully reverse o ) _ _ _ . _ seen fpr C.ategory 1 substances, Calc.:matlon 3 (homogenel.t Y/ hgterogenelty of response
serious eye within 21 days (NICEATM Cat 1A) * The likelihood of a Category 1 chemical being misclassified as Category 2B is the sum PQ{nbtln/athn)_gNatS n_lc_)r’: UC?_etd_I’Ct)ot_eS’tlmff?l’t?I _t%e olveg:tl)g}[ssmcatlon ][atetfo(;r_ nonse\lcc_ere
damage e At least 2 animals with a mean corneal opacity score > 3 and/or an iritis score Of two outcomes: [(58/723)X(58/723)] + [(58/723)X(58/723)X(1 66/723)X2] = 00094 (0.94(%)) !rrl ants/nonirritants. € dis rl .u lon o In. .IVI '.Ja ra ! r.espo.nses or Stuaies resu Ing
>1.5 (NICEATM Cat 1B) . ) _ _ " L _ in a Category 2A, 2B, or nonirritant classification is provided in Table 10, the resulting
= — . e The likelihood of Category 1 chemical being misclassified as a nonirritant is the sum of estimated underclassification rates in Table 11.
e At least 2 of 3 animals with mean scores for one of more of the following: two outcomes: [(20/723)(20/723)] + [(20/723)(204/723)(20/723)*2] = 0.0012 (0.12%)
— corneal opacity >1 T . - :
Category 2A: IS 1 e The likelihood of Category 1 chemical not clearly classified based on the results is the g L . s ‘
Irritating to _ I{:clli ESS " sum of two outcomes: [(50/723)(20/723)(96/723)x6] + [(50/723)(20/723)(58/723)x6] = 0.0024 Table 10. DlStl'l.butIO.ll of Individual Rabbit Responses by GHS Ocular Hazard
eyes —  Chempgis > (0.24%) Classification
and the effects fully reverse within 21 days The total probability for underclassification is: (3.00% + 0.94% + 0.12% + 0.24%) = 4.30%
' GHS Category 2A Category 2B Nonirritants
Category 2B: i { )
Mildly irritating] When the effects listed for Category 2A fully reverse within 7 days . ] Category (60 studies) (51 studies) (485 studies)
to eyes Calculation 2: Heterogeneity of Response Catepary 1A 2 ; 0
e e e Distribution of rabbit responses is determined for each test substance in Category 1 Category 1B 7 1 0
ZG(;Ig; United Nations Globally Harmonized System for Classification and Labeling of Chemicals (UN e Estimated underclassification rate is calculated for each Category 1 test substance Category 24 181 it i1
e These estimated individual underclassification rates are averaged to produce an overall
, o , , underclassification rate Category 2B 38 141 46
Table 2. Retrospective Classification of In Vivo Rabbit Eye Test Results Nanirritant 19 31 1987
Example Calculation:

Total # of
Rabbits

e A Category 1 irritant has 4 rabbits classified as Category 1A and 2 rabbits classified as 253 184 2044

Category 2A

¢ The likelihood of this irritant being underclassified to be Category 2A is (2/6)x(2/6) = 0.1111
(11.1%)

e The likelihood of other underclassifications for this irritant is estimated to be 0%

e Similar calculations are carried out for the other Category 1 irritants and the rates averaged
to produce an overall estimated underclassification rate (Table 5)

Table 11. Estimated Overclassification Rates of Category 2A, 2B or
Nonirritants as Category 1 Substances

Calculation 1 Calculation 2

inclusion of these substances in the analyses does not appreciably change the underclassification or
overclassification estimates.

Underclassification Analysis

Classification Rules

In estimating the underclassification rate for the in vivo rabbit eye test, sampling was based on
GHS sequential testing and the following rules:

e First Rabbit:
- If the first rabbit is Category 1A, then the substance is classified as Category 1

Variable 0.00%

13.24%

Total

GHS ; :
have a Cat 2B responses Overclassification Homogeneity of Heterogeneity of
. Response Response
Category 2B | >2 of 3 (= 4 of 6) rabbits have a Cat 2B responses Table 5. Likelihood that a Category 1 Substance will be Underclassified Using Category 2A as § -
The substance cannot be classified as GHS Category 1, 2A, or 2B, no rabbits Calculation 2 Categorv 1 7.70% 6.67%
Nonirritant | were shown to have a NICEATM Cat 1A or 1B response, and = 2 of 3 (= 4 of] Cate 0% 2yB as
6) rabbits have a nonirritant response GHS Ocular Hazard Estimated Underclassification C a%egzr 1 1.28% 0.82%
Classification Rate  CeOrY
1230 studies could not be assigned a GHS classification due to study criteria not met (€.g., one or more rabbits Nonirritant as 0.00% 0.00%
exhibited an ocular response on the last observation day but the observation period was not carried out to Category 2A 7.51% Category 1 ' '
21 days).
%* 0 0/ %
2 These substances (less than 2% of the total) showed variable responses and were not included in the statistical Category 2B 4.29% Overall Average 0.88% 0.74%
analysis because they could not be easily assigned to any classification. Because of their low frequency, Nonirritant 1.44% * The overall average weights the calculation by the relative proportion of GHS Category

Calculation 3: Homogeneity/Heterogeneity of Response

Table 6.

Category 1 Studies

Distribution of Individual Rabbit Responses per Three Subgroups of GHS

2A, 2B, and nonirritating substances in the database.

Conclusions

Underclassification
e For this database, the overall estimated underclassification rate for a Category 1

- If not, then test the second rabbit

Second Rabbit:
- If the second rabbit is a Category 1A, then the substance is classified as Category 1

- If lesions for the first and second rabbits are in the same classification category, the study
is complete

- If neither of the above apply, then test a third rabbit

Third Rabbit:
If the third rabbit is Category 1A, then the substance is classified as Category 1
If lesions for 2 of the 3 rabbits are in the same classification category, then the substance

When the same substance was tested at multiple concentrations, the dose response for ocular
toxicity was assumed to saturate or increase with increasing dose (i.e., once a severe response
was detected, all higher dose levels were assumed to induce a severe response regardless
of the actual outcome)

is classified in that category (i.e., 1B, 2A, 2B, or non-irritant)

If 1 rabbit is Category 2A, 1 rabbit is Category 2B, and the third rabbit is Category 1B or

nonirritant, then the substance is classified as Category 2A

If all rabbits have different classifications (e.g., Cat 1B, NI, and 2A or 2B), then the chemical

is classified as “variable”

Calculations Conducted

Calculation 1: Homogeneity of response within a given category

- Assumed that rabbits have the same pattern of response for all chemicals within a given classification

- Requires only one calculation but may underestimate the underclassification rate

category

Calculation 2: Heterogeneity of response within a given category

- Assumed that rabbits have a different pattern of response for all chemicals within a given classification

- Leads to higher misclassification rates than Calculation 1, but may overestimate the underclassification

category

rate

Calculation 3: Homogeneity/heterogeneity of response combination

- Assumed that rabbits have similar pattern of response for chemicals within response categories
o Strong responders. Category 1 substances that always produce either a Cat 1A or 1B response

in all tested rabbits

o Moderate responders. Category 1 substances that produced a Cat 1A or 1B response in at

least 50% but not 100% of the rabbits tested.

o Weak responders. Category 1 substances that produced a nonsevere (i.e., Cat 2A, 2B) or

nonirritant response in more than half of the rabbits tested.

Limitations
No human data to confirm the irritancy classifications of the tested substances
Inadequate repeat data for substances tested at the same concentration within the database

Not all ocular irritants may produce the same pattern of rabbit responses

Dose response curves for substances tested at multiple concentrations were assumed to saturate
or increase with increasing dose (i.e., once a severe response was detected, all higher dose levels
were assumed to induce a severe response regardless of the actual outcome); however, there are
data suggesting that, for some substances, there is less ocular damage when tested at high compared
to low levels

Strong Moderate Weak substance ranged from 4.10% to 13.24%
Ca(t;:l i,. (njll;l) Responders Responders Responders - Calculation 3 (11.21%) likely is the most accurate estimate for this database
il (n=108) (n=32) (n=41) o S
e For the criteria for classification:
Category 1A 499 347 104 48

- The highest underclassification rate (8.52% to 17.62%) was for Criteria 1 (substances

Category 1B 50 38 6 6 that produced a persistent lesion through 21 days in at least one of three rabbits)
Category 2A 96 0 32 64 - The lowest underclassification rates (0.00% to 5.30%) were for those criteria that
Cat »B 58 0 16 47 included lesion severity as the reason for classifying a substance as a GHS

aegory Category 1; the rates were similar among these three subgroups
Nonirritant 20 0 4 16

Overclassification

Total

e For the total database, the overall estimated overclassification rate for a nonserve
irritant or nonirritant being classified as a Category 1 substance ranged from 7.49%
to 8.98%

Table 7. Likelihood that a Category 1 Substance will be Underclassified Using
Calculation 3

Strong Moderate Weak Weighted Overall
GHS
Ehkenony Responders Responders Responders Average
(n=108) (n=32) (n=41) (n=181)
Category 2A 0.0000 0.0587 0.2934 0.0768 References
Category 2B 0.0000 0.0149 0.1126 0.0281
Nonirritant 0.0000 0.0010 0.0188 0.0044 UN. 2003. New York & Geneva: United Nations Publications. Available:

http://www.unece.org/trans/danger/publi/ghs/officialtext.html [accessed 15 July 2005].

Variable 0.0000 0.0016

0.000 0.0762 0.4360 2.1121
(0%) (7.62%) (43.60%) (11.21%)
For each subgroup, the underclassification rate was determined using the homogeneity approach

(Calculation 1); the overall average weights the calculation by the relative proportion of strong, moderate,
and weak responders in the database in that GHS category.

0.0112 0.0028

Total
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