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ABSTRACT 
In compliance with OECD Test Guideline 437 for eye irritation (BCOP assay), non-surfactant solid 

materials are typically tested as 20% dilutions prepared in 0.9% sodium chloride solution, distilled water, 

or other solvent that has been demonstrated to have no adverse effects on the test system. However, 

the limited solubility of some chemicals adds technical challenges in finding a vehicle that would ensure 

the material’s availability to the excised corneas and that itself would not affect the test system. In this 

study, we evaluated five solvents frequently used in the BCOP assay: distilled water, mineral oil, corn oil, 

polyethylene glycol (PEG)-400, and methocel solution (0.5%). Based on the available classification 

systems, our preliminary data showed that water, methocel, mineral oil and corn oil were predicted as 

non-irritants, while PEG-400 was predicted as a mild irritant. To demonstrate the influence of the type of 

solvent on the outcome/prediction of the BCOP assay for solid materials, we tested a 20% suspension 

of benzoic acid (BA) prepared in these solvents. BA has a non-polar benzoic ring that would preferably 

dissolve in non-polar solvents and a polar acidic group with affinity for polar solvents, thus making it a 

good model for testing its effect on corneas when dissolved in various solvents. Previous animal tests 

reported moderate to severe eye irritation induced by BA. Our results demonstrated that when mixed in 

water, mineral oil, corn oil, or methocel, BA was predicted to be a corrosive/severe irritant, while it was 

predicted to be a moderate irritant when mixed in PEG-400. These results support the need for further 

investigation of the solvent’s influence in the BCOP assay to allow the correct prediction of the irritation 

potential of solid materials. 
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1.5 h 

Rinsing Control &  

Test Materials 

Permeability Quantification 

(Optical density at 490nm) 

Upon receipt, defective 

eyes were discarded. 
Chambers were filled with 

Minimum Essential Medium 

containing 1% Fetal Bovine 

Serum and 2 mM 

L-glutamine. 

The medium was 

removed from the 

anterior chamber and 

750 µl of test or control 

material were applied to 

the epithelial surface (4 to 

5 corneas per treatment).  

The corneas were rinsed 3 

times with Complete MEM 

with phenol red & 

1 time with Complete MEM 

w/o phenol red. 

1 mL of a 5 mg/ml 

fluorescein solution for 

liquids 

Chambers were filled with 

fresh Complete MEM 

without phenol red; a 

baseline opacity was 

recorded. 

• In Vitro Score = Mean Opacity Value + (15 x Mean OD490 Value)  

• Histology analysis: Hematoxylin & Eosin (HE) staining 

• Prediction models (7-8): 

In Vitro Score: 

        0 to 3 = non irritant                        3.1 to 25 = mild irritant 

 25.1 to 55 = moderate irritant      55.1 and above = corrosive/severe irritant 

 

To investigate the influence of vehicle in the in vitro eye irritation Bovine Corneal Opacity and 

Permeability (BCOP) assay, we assessed and compared the eye irritation of five solvents: sterile 

deionized water (also the assay’s negative control), mineral oil, corn oil, PEG-400 and 0.5% methocel 

(Methylcellulose) solution. These solvents are routinely utilized for the Draize rabbit eye test when the 

test substance is not directly applicable. These solvents were subsequently used to prepare the 20% 

dilution of benzoic acid (BA) tested per OECD TG 437 (1). Benzoic acid is used in topical drugs such as 

anti-fungal creams or in cosmetics, thus having the potential to induce irritation through accidental 

exposure to the eye. Previous animal tests reported moderate to severe eye irritation induced by BA (2-

6). Benzoic acid has a non-polar benzene ring that would preferably dissolve in non-polar solvents and a 

polar acidic group with affinity for polar solvents, thus making it a good model for testing its effects when 

dissolved  in various solvents.  

Positive control (Imidazole) Deionized water Mineral oil Corn oil PEG-400 0.5% methocel 

• Nonviable 

• Cytoplasmic contents were 

coagulated in small clusters and 

highly eosinophilic 

• Nuclei showed marked abnormal 

chromatin condensation 

 

• Basal cell layer well-formed 

• Columnar-cell region directly attached 

to the Bowman’s layer 

Similar to water-treated corneas 
Similar to water-treated corneas 

 

• Sloughing of the squamous layer 

along with nuclear vacuolation 

• Wing cell layer had cytoplasmic and 

nuclear vacuolation along with loss of 

cell to cell adhesion 

Similar to water-treated corneas • Swelling in the upper through deeper 

stroma 

• Keratocytes showed a marked 

increase in the frequency of cells 

with nuclear pyknosis or other forms 

of abnormal chromatin condensation 

• Stromal elements well-organized 

• Collagen matrix fibers with dispersed 

keratocytes 

Similar to water-treated corneas 

• Lost • Descemet’s membrane prominent 

20% (w/v) BA in Deionized water 20% BA (w/v) in Mineral oil 20% BA (w/v) in Corn oil 20% BA (w/v) in PEG-400 20% BA (w/v) in 0.5% methocel 

• Sloughing of surface squamous layer 

• Abnormal chromatin condensation in the nuclei throughout the squamous, wing and basal cell layers 

• Flattened and condensed 

• Loss of structure in the wing and 

basal cell layers 

• Sloughing of the squamous layer 

along with cytoplasmic and nuclear 

vacuolation 

• Abnormal condensation in the entire 

epithelium through the squamous, 

wing, and basal cell layers 

• Stroma directly beneath Bowman’s 

layer had minimal collagen swelling 

with a few enlarged keratocyte nuclei 

with abnormal chromatin condensation 

• Stroma thicker than the water-treated corneas 

• Stroma directly beneath Bowman’s layer had moderate collagen swelling with 

enlarged keratocyte nuclei containing abnormal chromatin condensation 

• Lower stroma similar to the water-treated corneas 

Stroma appeared less swollen than the 

water-treated corneas 

• Stroma thicker than the water-treated 

corneas 

• Stroma directly beneath Bowman’s 

layer had minimal collagen swelling 

with vacuolated keratocyte nuclei 

and also keratocyte nuclei 

containing abnormal chromatin 

condensation 

• Lower stroma similar to the water-

treated corneas 

Similar to negative control-treated corneas Benzoic acid 

BCOP assay - outline 

Solvent Mean 

Opacity 

Mean OD490 

(Permeability) 

In vitro 

score 

Predicted 

irritation 

Mineral oil -2.0 -0.001 -2.0 Non-

irritant 

Corn oil -1.0  0.002 -1.0 Non-

irritant 

PEG-400  4.0  0.051  4.8 Mild 

irritant 

0.5% methocel -2.7 -0.002 -2.7 Non-

irritant 

Test material Mean 

Opacity 

Mean OD490 

(Permeability) 

In vitro 

score 

Predicted 

irritation 

Benzoic Acid in 

Deionized water 

112.0 0.004 112.1 Severe 

irritant 

Benzoic Acid in 

Mineral oil 

202.7 0.005 202.7 Severe 

irritant 

Benzoic Acid in 

Corn oil 

158.7 -0.001 158.7 Severe 

irritant 

Benzoic Acid in 

PEG-400 

42.7 0.298 47.1 Moderate 

irritant 

Benzoic Acid in 

0.5% methocel 

85.7 0.003 85.7 Severe 

irritant 

Imidazole 

(positive control) 

73.7 1.142 90.8 Severe 

irritant 
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Table 1. BCOP in vitro scores - 

solvents 

Table 2. BCOP in vitro scores –  

20% (w/v) BA diluted in solvents 

SOLVENTS 

1. The results showed that of the solvents used in the study, deionized water, mineral oil, corn oil and 0.5% methocel were predicted to be non-irritant. PEG-400 was 

predicted to be a mild irritant. The histology analysis confirmed the BCOP data by showing sloughing of the squamous layer of corneas treated with PEG-400. 

2. When used to prepare the BA dilutions, all solvents induced high mean opacity scores and very low permeability scores, with the exception of PEG-400 which in 

reverse induced the lowest opacity score and the highest permeability score of all solvents used in the study. 

BENZOIC ACID 

3. BA was predicted by the BCOP assay as severe irritant when dissolved in deionized water, mineral oil, corn oil or 0.5% methocel and induced damage up to the 

mid depth stroma. When dissolved in PEG-400, BA was predicted to be a moderate irritant and limited its damaging effects to the epithelium. Furthermore, the 

stroma appeared better organized in corneas treated with BA dissolved in PEG-400 than in the negative control-treated corneas.  

FUTURE CONSIDERATIONS 

4. Our study emphasizes the importance of choosing the appropriate vehicle for solid materials when tested in the BCOP assay. The solvent may need to be selected 

based not only on previous animal data or on chemical properties but also on the form/dilution of the test material that the end-user comes in contact with in order 

to better reflect the effects upon human exposure. 

5. Our results support the need for thorough investigation on the solvent’s choice and influence in the BCOP assay to allow the correct prediction of the irritation 

potential of solid materials, particularly when validating the in vitro results against animal data. 
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Entire bovine cornea Epithelium - detailed 


