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Introduction

Eye irritation is one of the acute toxicity endpoints
that needs to be addressed when registering agro-
chemical formulations. To date, the Draize rabbit
eye test (1) is the only test that is accepted world-
wide by regulators for the determination of the full
range of eye irritation potential. Performed on a
whole organism, this animal test has been increas-
ingly criticised with regard to the subjectivity of
the endpoints, high inter-experimental variability,
questionable inter-species transferability, and ani-
mal welfare concerns (2). Meanwhile, some in vitro
alternative methods have gained (or are close to
gaining) regulatory acceptance for the identifica-
tion of severe ocular irritants and ocular non-irri-
tants, including the Bovine Corneal Opacity and

Permeability (BCOP) test (3–5), which has been
adopted for the testing of substances and mixtures.
In this context, a ‘mixture’ is understood to be a
mixture or a solution composed of two or more sub-
stances, in which the substances do not react (6).
Hence agrochemical formulations can generally be
regarded as within the applicability domain of
these tests. Agrochemical formulations can typi-
cally be distinguished as being liquid (solvent-
based or water-based) or solid formulations. The
biological activity of such a formulation is deter-
mined by its active ingredient, which is usually for-
mulated with other (biologically inert) materials in
order to facilitate its application in the field, or its
wetting or penetration of the plants or target
organisms. Other components can include sol-
vents, mineral clays, stickers, wetting agents, dis-
persing agents, anti-foam agents, bactericides or
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other adjuvants. Formulation improves the proper-
ties of an active ingredient for handling, storage
and application purposes, and may substantially
influence effectiveness and safety of the final
product. 

No systematic analysis of the usefulness of the
BCOP test and the EpiOcular™ Eye Irritation
Test (EIT) methods to assess agrochemical formu-
lations has been reported, other than data on 11
agrochemical formulations included in the in-
house validation exercises of the BCOP test and
EpiOcular-EIT (7, 8). Other in vitro tests that have
been described for the assessment of the eye irrita-
tion potential of agrochemicals and, specifically,
agrochemical formulations, include the Isolated
Chicken Eye (ICE; 9, 10) and the Hen’s Egg Test-
Chorioallantoic Membrane (HET-CAM; 11) tests.
While the data on agrochemical formulations
tested in the ICE are quite limited (OECD TG 438;
4), 50 agrochemical formulations were included in
the study by Schrage et al. (11), which used the
HET-CAM assay to identify ocular corrosives
(GHS Category 1). The overall accuracy of this
data set was 42%, with 40% false negatives and
70% false positives, indicating that the HET-CAM
assay should not be used as the method of choice to
identify ocular corrosive (GHS Category 1)
agrochemical formulations. 

The Draize rabbit eye test is the only method
with full worldwide regulatory acceptance, hence it
is used as a reference for the validation of in vitro
methods. The test is often criticised for its high
variability, somewhat subjective scoring, and poor
predictions of human ocular irritation. For regula-

tory purposes, the results of the Draize test are
translated into different irritation classes, but this
translation is partly inconsistent among the differ-
ent classification schemes, e.g. those used by the
United Nations Globally Harmonised System of
Classification and Labelling of Chemicals (UN
GHS), the United States Environmental Protection
Agency (US EPA), and the Brazilian Health
Surveillance Agency, Agência Nacional de Vigi -
lância Sanitária (Brazil ANVISA). In principle, the
Draize rabbit eye test (1) distinguishes between
reversible and irreversible ocular lesions, and pro-
vides a scoring system for the relative categorisa-
tion of the severity of reversible effects. At 1, 24, 48
and 72 hours, and 7, 14 and 21 days after test sub-
stance application, the reaction of the conjunctiva
(redness and chemosis), cornea (opacity and area
involved) and iris are scored. Depending on the
legal framework, there are differences in the clas-
sification of irritant responses evaluated by vari-
ous regulatory agencies (see Table 1):
— According to the UN GHS scheme, a single har-

monised hazard category (Category 1) is
assigned to substances that cause severe eye
irritation. Substances that induce reversible
eye irritation are assigned to Category 2, with
the option of sub-categorisation, depending on
the time required for reversal of the irritant
effects (12).

— US EPA Category I substances are defined as
corrosive or severe irritants (equivalent to UN
GHS Category 1), while classification from II to
IV is based on decreasing irritation severity, as
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Table 1: Overview of UN GHS, US EPA and ANVISA classification criteria for eye irritation

Not classified Category 2B Category 2A Category 1

UN Minimal effects Corneal opacity ≥ 1 and/or Corneal opacity ≥ 1 and/or iritis Corrosive (irreversible destruc-
GHS iritis ≥ 1 and/or conjunctival ≥ 1 and/or conjunctival redness tion of ocular tissue) or corneal 

redness ≥ 2 and/or chemosis ≥ 2 and/or chemosis ≥ 2a involvement or irritation per-
≥ 2a reversible within reversible within 21 days sisting (corneal opacity ≥ 3.0 
7 days and/or iritis ≥1.5)a for more 

than 21 days

Category IV Category III Category II Category I

US Minimal effects Corneal opacity ≥ 1 and/or Corneal opacity ≥ 1 and/or iritis Corrosive (irreversible 
EPA clearing in less iritis ≥ 1 and/or conjunctival ≥ 1 and/or conjunctival redness destruction of ocular tissue)  

than 24 hours redness ≥ 2 and/or chemosis ≥ 2 and/or chemosis ≥ 2b clearing or corneal involvement or 
≥ 2b clearing in 7 days or in 8–21 days irritation persisting for 
less more than 21 days

Toxicity class IV Toxicity class III Toxicity class II Toxicity class I

Brazil No corneal opacity and No corneal opacity, No corneal opacity, Corneal opacity (reversible or 
ANVISA irritation reversible irritation reversible irritation reversible within not) or persistent irritation

within 24 hours within 72 hours 7 days

aCalculated as the mean score following the gradings at 24, 48, and 72 hours after instillation of the test material in
at least two of three tested animals.
bMaximum score in any animal.
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well as the time required for any irritation to
clear. Irritation that clears in 8–21 days is clas-
sified as Category II, while irritation that clears
within seven days is classified as Category III.
For Category IV substances, irritation clears
within 24 hours (13).

— In Brazil, agrochemical formulations are classi-
fied according to Portaria Nº 03-MS-SNVS, de
16 de Janeiro de 1992 (Annex III; referred to as
the Brazil ANVISA classification in this paper;
14). Agrochemical formulations are assigned a
Toxicity Class I (extremely toxic) in the pres-
ence of corneal opacity, irrespective of the per-
sistence or reversibility of the corneal effect.
Toxicity Classes II to IV are assigned to test
substances only in the absence of any corneal
opacity, and depend on the time needed for the
reversibility of the irritation.

Here, we describe the evaluation of the BCOP test
in conjunction with histopathology, and the
EpiOcular-EIT, in terms of their prediction of the
ocular irritation potential of 97 agrochemical for-
mulations according to different classification
schemes, and for which in vivo data had been pre-
viously generated for regulatory purposes.

Materials and Methods

Test substances

In this study, 97 liquid agrochemical formulations
were used. For all the tests, identical batches or
batches with identical composition were used. An
international coding system is available for the
more than 60 different types of formulations (15):
the nine liquid formulation types used in this
study comprised capsule suspension (CS), emulsifi-
able concentrate (EC), flowable concentrate for
seed treatment (FS), oil dispersion (OD), suspen-
sion concentrate (= flowable concentrate; SC),
suspo-emulsion (SE), soluble concentrate (SL),
technical concentrate (TK), and mixed formula-
tions of CS and SC (ZC) type formulations. 

Draize rabbit eye irritation test

Eye irritation data for the agrochemical formula-
tions were obtained for regulatory purposes over
approximately the past 10 years by using the Draize
rabbit eye irritation test (16) and modifications
thereof (1). The Draize test evaluates the ocular
reaction to a test material by grading the lesions in
the conjunctiva (redness and chemosis), cornea
(opacity and area involved), and iris. By using
Draize rabbit eye test data, the full range of eye irri-
tation potential including irreversible (i.e. corro-

sion/severe irritation) and reversible effects (mild,
moderate irritation) was determined. All the in vivo
tests were performed according to the Organisation
for Economic Co-operation and Development Test
Guideline (OECD TG) 405 (1), and with the consent
and provisions of the German animal welfare regu-
lations in an AAALAC-certified laboratory of BASF
SE. No in vivo experiments were performed for the
purpose of this paper. 

Bovine Corneal Opacity and Permeability
(BCOP) assay

The BCOP test consists of an organotypic model
that involves the use of bovine eyes from slaugh-
tered cattle (17). The test has gained regulatory
acceptance for the identification of severe ocular
irritants (UN GHS Category 1) and ocular non-irri-
tants (not requiring classification according to UN
GHS, i.e. UN GHS No Category) of single-compo-
nent test substances and multi-component mix-
tures (3). Since severe ocular irritation needs to be
avoided for agrochemical formulations, the goal of
this study with regard to the BCOP test was to
evaluate whether the BCOP test in conjunction
with corneal histopathology is useful to predict
ocular irritation of the most severe classification
(i.e. UN GHS Category 1, EPA Class I and Brazil
ANVISA Toxicity Class I). In the standard BCOP
test, corneal opacity is experimentally determined
by the amount of light transmitted through the
bovine cornea. As a second endpoint, permeability
is determined by the amount of fluorescein dye
that passes through the cornea. According to the
current OECD TG, opacity and permeability are
used to calculate the in vitro irritation score (IVIS
= opacity + [15 × permeability]; 3). According to
OECD TG 437 and the GHS classification rules,
substances with an IVIS > 55 are to be regarded as
severe irritants (UN GHS Category 1); substances
with an IVIS ≤ 3 are to be considered ocular non-
irritants; and for substances resulting in 3 < IVIS
≤ 55, no prediction can be made. Although not part
of the regulatory-accepted test protocol, corneal
histopathology has been suggested as a useful
additional endpoint in the BCOP assay (3, 18). The
corneal histopathology has been established in the
Toxicology Department of BASF SE, and validated
in-house to test 60 test substances for severe ocu-
lar irritation. Details of the protocols are described
in Kolle et al. (7) and Schrage et al. (8). Briefly,
each test substance, or control, was applied to trip-
licate corneas (n = 3) unless otherwise stated. The
OECD TG exposure protocol for liquids was fol-
lowed, i.e. corneas were exposed to 750μl of the
undiluted agrochemical formulations for 10 min-
utes. Resulting opacity, permeability and IVIS val-
ues were summarised as arithmetic means and
standard deviations. 

The EpiOcular Eye Irritation Test                                                                                                                                3
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Histopathology

The histopathological evaluation described here
is based on the model of depth of injury, sup-
ported by Jester et al. (19, 20) and Maurer et al.
(21). They demonstrated that the extent and
depth of the initial corneal injury in vivo is pre-
dictive of the degree and duration of the lesion,
and proposed the use of this hypothesis in ex vivo
or in vitro systems to predict corneal irritation.
Directly after determination of opacity and per-
meability, the corneas (triplicates of control and
test substance-treated) were fixed in 10% neutral
buffered formalin for at least 24 hours. After fix-
ation, two to three parallel tissue sections
(3–4mm wide) along the whole diameter of the
cornea were cut. Standard histotechnical process-
ing for light microscopy was performed: dehydra-
tion in alcohol solutions, clearing in xylol,
embedding in paraffin, sectioning (3μm-thick)
and staining with Haematoxylin–Eosin. To
assess the severity of the corneal injury, an ordi-
nal semi-quantitative grading system called the
Histopathological Score of Irritation (HSI) was
created (Rey Moreno et al., manuscript in prepa-
ration). Different grades of severity, ranging
from 0 to IV, were determined based on the depth
of the injury. Corneas with a histopathological
score of IV, (deepest type of injury) were consid-
ered to have severe irritation (full epithelial
thickness affected, and/or swelling of the stroma
> 50% of depth, and/or keratocyte changes).
Corneas with HSI I, II and III were considered to
overall have non-severe irritation (epithelial dam-
age ranging from the squamous to the wing cell
layer without affecting the basal layer, and/or
swelling of the stroma up to 50% of depth).
Corneas without damage after exposure were con-
sidered to have no irritation (HSI 0). The results of
the histopathological evaluation were summarised
as medians of the three corneas evaluated.

EpiOcular™ Eye Irritation Test (EIT)

The EpiOcular-EIT has undergone a formal vali-
dation exercise led by the European Reference
Laboratory for Alternatives to Animal Testing
(EURL ECVAM), and a draft OECD TG became
available in July 2014 (5). The EpiOcular-EIT was
established in the Toxicology Department of BASF
SE, and validated in-house, in combination with
the BCOP assay, to test for ocular non-irritants
using 60 test substances (7). EpiOcular™ is a com-
mercially available 3-D reconstructed human
corneal model (OCL-200; purchased from MatTek
Corporation, Ashland, MA, USA or MatTek In
Vitro Life Science Laboratories, Bratislava, Slovak
Republic). In the EpiOcular-EIT, decreasing cellu-
lar viability is used as marker for increasing eye

irritating potency. In the prediction models
described, a test substance that reduces the mean
tissue viability to ≤ 60% after a single time point
exposure is classified as irritant (GHS Category 1,
2A, or 2B, denoted as GHS Category 1/2 in this
paper); if the mean tissue viability is > 60%, the
test substance is predicted to be non-irritant (GHS
No Category; 5, 22). Details of the protocols are
described in Kolle et al. (7) and Kaluzhny et al.
(22). Briefly, each test substance, or control, was
topically applied to duplicate tissues (n = 2) by
using the protocol for liquids (50μl of undiluted
agrochemical formulation for 90 minutes). Relative
viabilities were determined in relation to the neg-
ative control. The results were summarised as
means and inter-tissue differences.

Statistical analysis

Data were summarised in an Excel spreadsheet,
including the classification according to the US
EPA, UN GHS, Brazil ANVISA schemes (based on
the in vivo Draize rabbit eye irritation test), and in
vitro test results (mean BCOP opacity, mean
BCOP permeability, median BCOP HSI, mean rel-
ative viability obtained in the EpiOcular-EIT) as
variables in columns (see Table 2). For the BCOP
endpoints, three individual corneas were treated
with the same test substance, or control; in the
EpiOcular-EIT the relative viability values
obtained resulted from two replicates per test sub-
stance or control. Replicates were processed by
calculating the arithmetic mean (opacity, perm -
eability and relative viability) or median (histo-
pathology). All calculations were performed with
Microsoft Office Excel® 2010. After assessment of
the classification for eye irritating potential
according to the criteria described above, the num-
bers of agrochemical formulations correctly or
incorrectly identified by the in vitro methods were
determined for the different classification schemes.
The numbers of correctly identified positives (CP),
correctly identified negatives (CN), false positives
(FP) and false negatives (FN) were determined,
and, by using these values, the overall accuracy or
concordance (= [CP + CN] / all × 100%), the per-
centage of false negatives (FNR = FN / [CP + FN]
× 100%) and the percentage of false positives (FPR
= FP / [CN + FP] × 100%) were calculated.
Calculations for the sensitivity (= 100% – FNR)
and specificity (= 100% – FPR) were also per-
formed. The positive predictive value (PPV) was
determined as the number of correct positive pre-
dictions among all positive predictions from the in
vitro tests (CP / [CP + FP] × 100%), and the nega-
tive predictive value (NPV) as the number of cor-
rect negative predictions among all negative
predictions from the in vitro tests (CN / [CN + FN]
× 100%). 
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Results

In this study, we have used in vivo eye irritation
data on 97 agrochemical formulations to assess the
predictive capacity of the BCOP test including
corneal histopathology and the EpiOcular-EIT. 

Classification differences based on in vivo
data

Tables 3a and 3b show a comparison of the in vivo
classifications of the formulations tested in this
study according to the UN GHS (12), US EPA (13)
and Brazil ANVISA (14) classification schemes.
The 21 agrochemical formulations assigned to UN
GHS Category 1 were identical to those assigned to
US EPA Category I, while those in UN GHS
Categories 2A, 2B and No Category were not
always congruent with those in US EPA Classes II,
III, IV (Table 3a). In summary, US EPA Categories
I, II, III and IV were 70% congruent with UN GHS
Categories 1, 2A, 2B, and No Category. The 21
agrochemical formulations assigned to UN GHS
Category 1 were also assigned to Brazil ANVISA
Toxicity Class I; however, 44 additional agrochem-
icals (assigned to UN GHS Categories 2A, 2B or No
Category) were also assigned to Brazil ANVISA
Toxicity Class I (Table 3b). In summary, Brazil

ANVISA Toxicity Classes I, II, III and IV were 42%
congruent with UN GHS Categories 1, 2A, 2B and
No Category.

In vitro data

The results obtained in the EpiOcular-EIT and the
BCOP test including corneal histopathology, as
well as the in vivo classification, are summarised
in Table 2. 

UN GHS classification

BCOP and corneal histopathology

In the BCOP prediction model, the median IVIS
values were 25.0 for UN GHS Category 1 formula-
tions (with mean IVIS values 2.5 ≤ IVIS ≤ 106.0),
10.7 for UN GHS Category 2A formulations (with
mean IVIS values 0.4 ≤ IVIS ≤ 82.9), 6.9 for UN
GHS Category 2B formulations (with mean IVIS
values 0.4 ≤ IVIS ≤ 69.7), and 1.6 for not classified
formulations (UN GHS No Category; with mean
IVIS values 3.4 ≤ IVIS ≤ 44.3).

According to the BCOP prediction model with a
cut-off of IVIS > 55 for the identification of severe

Table 3a: A comparison of US EPA and UN GHS classifications of the tested agrochemical
formulations

UN GHS classification 

1 2A 2B No ∑

US EPA Category I 21 0 0 0 21
II 0 13 0 0 13
III 0 6 14 23 43
IV 0 0 0 20 20

∑ 21 19 14 43 97

Table 3b: A comparison of ANVISA and UN GHS classifications of the tested agrochemical
formulations

UN GHS classification 

1 2A 2B No ∑

Brazil ANVISA I 21 19 13 12 65
toxicity class II 0 0 1 1 1

III 0 0 0 11 11
IV 0 0 0 20 20

∑ 21 19 14 43 97

The EpiOcular Eye Irritation Test                                                                                                                                9
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ocular irritants (UN GHS Category 1), as described
for single component test substances and formula-
tions (3) (Tables 4 and 9, Figure 1), 75 out of 97 for-
mulations were predicted correctly as either
Category 1 or not Category 1 (77% accuracy). Of 76
UN GHS Category 2A, 2B or not classified formula-
tions, four were over-predicted (5% false positives),
and 18 out of 21 UN GHS Category 1 formulations
were under-predicted (86% false negatives). Of 21
UN GHS Category 1 formulations, three were cor-
rectly predicted as severe irritants (14% sensitivity),
and 72 out of 76 UN GHS Category 2A, 2B or not
classified formulations were correctly predicted as
non-irritants (95% specificity). The NPV was 80%
(72/90), and the PPV was 43% (3/7). 

According to the BCOP prediction model with a
cut-off of IVIS ≤ 3 for the identification of ocular non-
irritants (UN GHS No Category), as described for
single component test substances and formulations
(3), 78 out of 97 formulations were predicted cor-
rectly as non-irritants (UN GHS No Category) or
ocular irritants (UN GHS Categories 1, 2A or 2A),
resulting in 80% accuracy. Of 43 not classified for-
mulations (UN GHS No Category), 12 were over-pre-
dicted (28% false positives) and seven out of 54 UN
GHS Category 1, 2A or 2B formulations were under-
predicted (13% false negatives). Of 54 UN GHS
Category 1, 2A, or 2B formulations, 47 were cor-
rectly predicted as severe irritants (87% sensitivity),
31 out of 43 not classified formulations (UN GHS No

Category) were correctly predicted as non-irritants
(72% specificity). The NPV was 82% (31/38) and the
PPV was 80% (47/59).

In addition to the opacity and permeability end-
points, corneal histopathology was evaluated after
the assessment of the two former endpoints. By
using corneal histopathology, the HSI score for UN
GHS Category 1 formulations resulted in a median
of III (with individual median HSI values of I ≤ HSI
≤ IV), for UN GHS Category 2A and 2B formulations
in a median of II (with individual median HSI values
of I ≤ HSI ≤ IV), and for not classified formulations
(UN GHS No Category) a median of I (with
individual median HSI values of 0 ≤ HSI ≤ III). A
median HSI of IV was used as a predictor of severe
ocular irritants. As shown in Tables 5 and 10 and
Figure 1, a total of 74 out of 97 formulations were
predicted correctly (76% accuracy), including the two
formulations correctly predicted by the IVIS. Of 76
UN GHS Category 2A, 2B or not classified formula-
tions (UN GHS No Category), three were over-pre-
dicted (4% false positives) and 11 out of 21 UN GHS
Category 1 formulations were under-predicted (52%
false negatives).

EpiOcular-EIT

In the EpiOcular-EIT, the median relative viabil-
ity for the different classifications was: 8.4% for

Table 4: UN GHS classification based on the BCOP test

In vivo

No cat. Cat. 2B Cat. 2A Cat. 1 ∑

BCOP test 3 ≤ IVIS 31 2 4 1 38
3 < IVIS ≤ 55 12 10 13 17 52
IVIS > 55 0 2 2 3 7

∑ 43 14 19 21 97

Table 5: UN GHS classification based on the BCOP HSI test

In vivo

No cat. Cat. 2B Cat. 2A Cat. 1 ∑

BCOP HSI test 0 20 0 0 0 20
I 13 2 3 2 20
II 8 7 8 5 28
III 0 2 2 4 8
IV 0 1 2 9 12
n.e. 2 2 4 1 9

∑ 43 14 19 21 97

n.e. = not able to be evaluated due to technical artifacts.
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Figure 1: In vitro eye irritation data sorted according to UN GHS classification of Draize test data 

Agrochemical formulations assigned to UN GHS Categories 1, 2A, 2B, and not classified (UN GHS No Category) according to the in
vivo Draize rabbit eye irritation test were tested in the BCOP test by using the endpoints opacity, permeability and corneal histology,
and in the EpiOcular™ EIT. a) Mean BCOP IVIS (opacity + 15 × permeability); b) median BCOP HSI, and c) mean relative tissue
viability of two EpiOcular™ tissues plus inter-tissue difference. n.e. = unable to be evaluated due to technical artifacts.

= opacity; = 15× permeability.
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Figure 1: continued 

Agrochemical formulations assigned to UN GHS Categories 1, 2A, 2B, and not classified (UN GHS No Category) according to the in
vivo Draize rabbit eye irritation test were tested in the BCOP test by using the endpoints opacity, permeability and corneal histology,
and in the EpiOcular™ EIT. a) Mean BCOP IVIS (opacity + 15 × permeability); b) median BCOP HSI, and c) mean relative tissue
viability of two EpiOcular™ tissues plus inter-tissue difference. n.e. = unable to be evaluated due to technical artifacts.
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ative viability values of 2.9% ≤ relative viability ≤
28.9%); 16.7% for UN GHS Category 2A formula-
tions (with mean relative viability values of 3.1% ≤
relative viability ≤ 111.3%); 15.8% for UN GHS
Category 2B formulations (with mean relative
viability values of 2.8% ≤ relative viability ≤
60.2%); and 79.2% for UN GHS No Category (with
mean relative viability values of 6.1% ≤ relative
viability ≤ 120.5%).

According to the EpiOcular-EIT prediction
model with a 60% relative viability cut-off for the
identification of ocular non-irritants (UN GHS No
Category; Tables 6 and 8, Figure 1), 80 out of 97
formulations were predicted correctly (83% accu-
racy). Of 43 formulations not classified according
to UN GHS, 12 were over-predicted (28% false pos-
itives). Of 54 UN GHS Category 1, 2A, or 2B for-
mulations, five were under-predicted (9% false
negatives). Finally, 31 out of 43 not classified for-
mulations according to UN GHS were correctly
predicted as non-irritants (72% specificity), and of
the 54 UN GHS Category 1, 2A, or 2B formula-
tions, 49 were correctly predicted as irritants (91%
sensitivity), but without a distinction between irri-
tant UN GHS Categories 1, 2A or 2B. The NPV
was 86% (31/36) and the PPV 80% (49/61).

Analysis of Formulation Types in the EpiOcular-
EIT: The agrochemical formulations tested in this
study comprised nine formulation types (CS, EC,
FS, OD, SC, SE, SL, TK, and ZC). Of those, only
two types, namely EC and SC, were represented by
30 or more formulations, and the predictive capac-
ity of the EpiOcular-EIT has been analysed for
those separately (Table 7). In summary, the pre-
dictive capacity of the EpiOcular-EIT for SC-type
formulations was similar to the predictivity for all
types of formulations assessed. The majority of EC
formulations tested (31 out of 36) were classified as
UN GHS Categories 1 or 2 in vivo. Of the five in
vivo non-irritant EC formulations, one was cor-
rectly predicted in the EpiOcular-EIT, resulting in
20% specificity. 

Comparison of the predictive capacity of the
EpiOcular-EIT and the BCOP test including
corneal histopathology, within the UN GHS,
US EPA and Brazil ANVISA classification
schemes

The predictive capacity of the EpiOcular-EIT and
the BCOP test including corneal histopathology for
the UN GHS, US EPA and Brazil ANVISA classi-

Table 6: UN GHS classification based on the EpiOcular-EIT

In vivo

No cat. Cat. 2B Cat. 2A Cat. 1

EpiOcular-EIT Rel. viability > 60% 31 1 4 0 36
Rel. viability ≤ 60% 12 13 15 21 61

43 14 19 21 97

Table 7: Predictive capacity of the EpiOcular-EIT to predict ocular non-irritant agrochemical
formulations according to UN GHS (relative viability cut-off 60%) by formulation
type

All formulation types EC formulations SC formulations

Sensitivity 91% (49/54) 100% (31/31) 86% (12/14)
Specificity 72% (31/43) 20% (1/5) 91% (21/23)
Accuracy 83% (80/97) 89% (32/36) 89% (33/37)
False negatives 9% (5/54) 0% (0/31) 14% (2/14)
False positives 28% (12/43) 80% (4/5) 9% (2/23)
Positive predictive value 80% (49/61) 89% (31/35) 86% (12/14)
Negative predictive value 86% (31/36) 100% (1/1) 91% (21/23)

For the purpose of this analysis, the formulations considered ocular non-irritants according to the animal data were: for
UN GHS, agrochemical formulations that were not classified (UN GHS No category); for US EPA, those that were
assigned to US EPA Category IV; and for Brazil ANVISA, those that were assigned to Brazil ANVISA Toxicity Class IV.
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fication schemes, is summarised in Tables 8–10.
The EpiOcular-EIT was found to have the highest
sensitivity when classifying the in vivo data
according to UN GHS, while specificity was higher
when comparing to in vivo data classified accord-
ing to US EPA and Brazil ANVISA. The overall
accuracy was in the 80% range for all classification
schemes (Table 8).

The sensitivity of the standard BCOP test for the
most severe categories was unacceptably low
(11–14%), while specificity was above 90% for all
the classification schemes. The overall accuracy
was in the 75% range for the UN GHS and US EPA
classification schemes, but below 50% for that of
Brazil ANVISA (Table 9).

The sensitivity of the corneal histopathology for
the most severe categories was also unacceptably
low, albeit higher than when relying solely on the
IVIS score from the standard BCOP test; the speci-
ficity was above 85% for all classification schemes.
The overall accuracy was 76% for the UN GHS and
US EPA classification schemes, but below 50% for

that of Brazil ANVISA (Table 10).

Discussion

In vivo data and classification considerations

When establishing and validating in vitro methods
to replace in vivo tests, the quality of the reference
in vivo data is crucial. The variability within an in
vivo test may even lead to misclassification (23).
Hence, the variability of the in vivo test and the
consequent uncertainty of the result influences the
overall accuracy of a test outcome, and may there-
fore hamper the successful validation of in vitro
methods (24). Recently, Adriaens et al. (23) have
underlined the importance of understanding the
drivers of (UN GHS) classification, and have
described irreversibility as the major driver for UN
GHS Category 1, while corneal opacity and con-
junctival redness were the major drivers for the

Table 8: Predictive capacity of the EpiOcular-EIT to predict ocular non-irritant agrochemical
formulations according to different classification schemes (relative viability cut-off
60%)

UN GHS US EPA Brazil ANVISA

Sensitivity 91% (49/54) 77% (59/77) 77% (59/77)
Specificity 72% (31/43) 90% (18/20) 90% (18/20)
Overall accuracy 83% (80/97) 79% (77/97) 79% (77/97) 
False negatives 9% (5/54) 23% (18/77) 23% (18/77)
False positives 28% (12/43) 10% (2/20) 10% (2/20)
Positive predictive value 80% (49/61) 97% (59/61) 97% (59/61)
Negative predictive value 86% (31/36) 50% (18/36) 50% (18/36)

For the purpose of this analysis, the formulations considered ocular non-irritants according to the animal data were:
for UN GHS, agrochemical formulations that were not classified (UN GHS No category); for US EPA, those that were
assigned to US EPA Category IV; and for Brazil ANVISA, those that were assigned to Brazil ANVISA Toxicity Class
IV.

Table 9: Predictive capacity of the BCOP test to predict severe ocular irritation according to
different classification schemes (IVIS cut-off for severe irritants IVIS > 55)

UN GHS US EPA Brazil ANVISA

Sensitivity 14% (3/21) 14% (3/21) 11% (7/65)
Specificity 95% (72/76) 95% (72/76) 100% (32/32)
Overall accuracy 77% (75/97) 77% (75/97) 40% (39/97)
False negatives 86% (18/21) 86% (18/21) 89% (58/65)
False positives 5% (4/76) 5% (4/76) 0% (0/32)
Positive predictive value 43% (3/7) 43% (3/7) 100% (7/7)
Negative predictive value 80% (72/90) 80% (72/90) 36% (32/90)

For the purpose of this analysis, the formulations considered severe ocular irritants according to the animal data
were: for UN GHS, agrochemical formulations that were assigned to UN GHS Category 1; for US EPA, those that
were assigned to US EPA Category I; and for Brazil ANVISA, those that were assigned to Brazil ANVISA Toxicity
Class I.
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GHS Category 2 classification of chemicals. The in
vitro tests used in this study were either organ-
otypic (BCOP test) or cytotoxicity/cell function-
based assays (EpiOcular-EIT). Both are single
short-time exposure in vitro methods, and neither
test assesses the reversibility of the effects.
Further, while the EpiOcular-EIT has been
described as correctly predicting all the types of
ocular injuries observed in vivo, including those on
the conjunctiva, cornea and iris (5), the BCOP test
does not cover all possible in vivo ocular effects
such as conjunctiva and iris injuries. Here, we
present a correlation analysis of the data from the
EpiOcular-EIT and the BCOP test including
corneal histopathology, to Draize in vivo data, for
97 agrochemical formulations, according to the dif-
ferent classification schemes.

Depending on which type of effect is regarded as
most severe — i.e. irreversibility or persistence of
significant corneal opacity and/or iritis for the UN
GHS and US EPA classifications, and corneal
opacity in the Brazil ANVISA classification — dif-
ferent regulatory classification schemes can result
in different classifications based on the same in
vivo data. Those differences may be quite signifi-
cant: based on the same in vivo data, 21 agro-
chemical formulations were classified as Category
1 by the UN GHS scheme, while 65 were assigned
to Toxicity Class I by the Brazil ANVISA scheme;
those assigned to UN GHS Category 1 were con-
cordant to those assigned to US EPA Class I.
Taking into account that in vivo data are used as a
reference when developing and/or validating in
vitro methods, the prediction models used for the dif-
ferent classification schemes certainly need adapta-
tion for the individual classification schemes.

Test systems

During the last decades, significant progress in the
field of replacement methods for ocular irritation
has been made, and several methods have gained,

or are close to gaining, regulatory acceptance. We
present here a simple correlation analysis of in
vivo data, classified according to three classifica-
tion schemes, with the BCOP test including
corneal histopathology and the EpiOcular-EIT.

The BCOP test has undergone formal validation,
and has been accepted for the identification of sub-
stances and mixtures inducing serious eye damage
and for those that do not require classification for
eye irritation or serious eye damage. The test is
known to produce false positive predictions for
alcohols and ketones, and false negative predic-
tions for solids, when used for the identification of
substances inducing serious eye damage. The spe-
cific applicability or non-applicability of the BCOP
test protocol described in OECD TG 437 for agro-
chemical formulations has not yet been described.
In the present study, the BCOP test was performed
according to the protocol for liquids described in
OECD TG 437 (3), with the intention of identifying
severe ocular irritant agrochemical formulations
(IVIS cut-off 55). For this evaluation, 97 liquid
agrochemical formulations with available in vivo
data were tested in the BCOP test in conjunction
with histopathological evaluation. Irrespective of
the classification scheme, based on the standard
endpoints of opacity and permeability, the BCOP
test was not sufficiently sensitive (sensitivity of
11–14% depending on the classification scheme) to
predict the highest toxicity classification.

In addition to its use for the testing of chemicals,
the BCOP assay is also part of the test battery
used in the EPA Antimicrobial Cleaning Product
testing programme. Despite the recommendation
of the assay, when performed according to the
standard protocols in OECD TG 437 with an IVIS
of 75 as the cut-off, for the identification of EPA
Toxicity Class I antimicrobial cleaning products
(25), in the current study, it failed to predict severe
ocular irritating agrochemical formulations, even
with the less-stringent IVIS cut-off of 55.
Histopathology has been described as a useful
additional parameter, particularly for the evalua-

Table 10: Predictive capacity of the corneal histopathology HSI test to predict severe ocular
irritation according to different classification schemes (HSI cut-off IV)

UN GHS US EPA Brazil ANVISA

Sensitivity 43% (9/21) 43% (9/21) 18% (12/65)
Specificity 86% (65/76) 86% (65/76) 100% (32/32)
Overall accuracy 76% (74/97) 76% (74/97) 45% (44/97)
False negatives 52% (11/21) 52% (11/21) 68% (44/65)
False positives 4% (3/76) 4% (3/76) 0% (0/32)
Not able to be evaluated due to technical artifacts 9% (9/97) 9% (9/97) 9% (9/97)

For the purpose of this analysis, the formulations considered severe ocular irritants according to the animal data
were: for UN GHS, agrochemical formulations that were assigned to UN GHS Category 1; for US EPA, those that
were assigned to US EPA Category I; and for Brazil ANVISA, those that were assigned to Brazil ANVISA Toxicity
Class I.
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tion of the depth of injury (as a potential indirect
indicator of reversibility; 3). Indeed, when using
histopathology of the bovine corneas with an HSI
IV as cut-off for the most severe classification, the
sensitivity was significantly higher than with the
standard BCOP endpoints. However, the sensitiv-
ity of the corneal histopathology used in this study
was still considered to be too low (18–43% depend-
ing on the classification scheme) to be used as the
basis for the hazard assessment. In summary, we
recommend against the use of the BCOP protocol
as described in OECD TG 437 (3) for the identifi-
cation of severe ocular irritant agrochemical 
formulations (GHS Category 1, EPA Toxicity Cat -
egory I or Brazil ANVISA Toxicity Class I).

The EpiOcular-EIT has undergone formal vali-
dation, and an OECD draft TG has been issued for
the identification of substances that do not require
classification for eye irritation or serious eye dam-
age. No limitations are currently known with
regard to the spectrum of chemicals to which the
assay is applicable — it is assumed to be applica-
ble to the full spectrum of chemical classes and
physicochemical properties (5). A test based on the
same tissue model, but evaluating the irritant
potential of a test substance based on the exposure
time needed to decrease relative viability by 50%,
is also part of the test battery used in the EPA
Antimicrobial Cleaning Product testing pro -
gramme (25). 

In the data set presented here, five out of 54 (9%)
formulations were predicted as false negatives in
the EpiOcular-EIT, but none of the five FN formu-
lations was classified in vivo as UN GHS Category
1 (four were UN GHS Category 2A and one UN
GHS Category 2B), and the effects observed in vivo
were mostly mild (formulations 37, 38 and 40) or
even at the border of classification (formulation 54;
data not shown). The percentage of false negatives
observed for the EpiOcular-EIT seems comparable
to that obtained in vivo: based on the within-test
variability alone, the rabbit test presents with a
12% probability to misclassify UN GHS Category 2
substances as non-irritants (UN GHS No
Category; 23). In addition, four of the five false
negative formulations resulted in relative viability
values close to the cut-off (values between 60.2%
and 68.2% were obtained for formulations 37, 38,
39 and 54). In summary, the sensitivity, specificity
and overall accuracy values obtained in this study
(91%, 72% and 83%) for the prediction of UN GHS
are very close to those resulting from the formal
validation study of the EpiOcular-EIT, which
tested 113 chemicals with an overall accuracy of
80%, sensitivity of 96% and specificity of 63% (22).
Therefore, we propose that, generally, liquid agro-
chemical formulations should be considered to be
within the applicability domain of the EpiOcular-
EIT.

Summary and Conclusion

In this study, 97 liquid agrochemical formulations
that were previously classified according to three
different schemes based on in vivo data, have been
assessed in the EpiOcular-EIT and the BCOP test
including corneal histopathology. The diverse cri-
teria for categorisation in the existing classifica-
tion schemes resulted in significantly different
designations. In this sense, the Brazil ANVISA
classification was particularly divergent from the
UN GHS and US EPA classification schemes,
which were more similar. Opacity and permeabil-
ity determined according to the standard BCOP
test protocol for liquids, and the resulting IVIS,
were not useful in the prediction of severe ocular
irritant agrochemical formulations according to
the classification schemes of the UN GHS, US EPA
or Brazil ANVISA. Corneal histopathology was a
better predictor for severe eye irritation of the
agrochemical formulations, but still not with an
acceptable sensitivity. Hence, we conclude that the
BCOP test according to the standard protocol for
liquids is not suitable for the testing of liquid agro-
chemical formulations, and protocol refinements
are necessary to putatively render the assay useful
for this type of test substances. The relative viabil-
ity in the EpiOcular-EIT was a useful predictor to
distinguish irritant (Categories 1, 2A and 2B) and
non-irritant formulations (No Category), as deter-
mined by UN GHS. The predictive capacity of the
EpiOcular-EIT for the 97 agrochemical formula-
tions was comparable to that obtained in the for-
mal validation exercise with a diverse group of
ocular irritants and non-irritants. We therefore
conclude that the liquid protocol for the EpiOcular-
EIT is applicable to agrochemical formulations.
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