Preliminary Investigation on Reducing Ocular Irritation Potential
"VS@ of Harsh Ingredients By Increasing Formulation Viscosity

Elizabeth A. Sly and Kimberly Norman
Institute for In Vitro Sciences, Inc., Gaithersburg, MD, USA

ABSTRACT MATERIALS AND METHODS RESULTS (continued)

Formulations tested for ocular irritation using the Bovine Corneal Opacity and Permeability (BCOP) assay

may be assigned a specific irritation label based on the resulting In Vitro Irritancy Score (IVIS) and 100 - EPA cutoff for

specific regulatory guidelines (e.g. OECD, EPA, and CLP) that provide cutoff values for classifications. IVIS=82 5 Cat I/Cat 11 Label Figure 2: Altering the viscosity of a
The ability to reduce ocular irritation by slightly adjusting the physical properties of a formulation iIs -5 ____L_/__ _________ cleaning prototype complex
highly desirable. Laboratory investigations found that incrementally changing viscosity using increasing IVIS=66.2 formulation can also attenuate
amounts of Carbopol® as a thickening agent reduced ocular irritation when mixed with a 1% NaOH ocular irritation.

solution in water. Following a 10-minute exposure in the BCOP assay, 1% NaOH was previously classified A cleaning prototype composed of
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surfactants and solvents was tested In
the BCOP assay and met the EPA

as a severe ocular irritant (IVIS=161.6). Increasing Carbopol® from 0.25% to 1.25% Iin a mixture with
1% NaOH decreased the In Vitro score to a range of values between 150.9 and 18.3 and decreased ocular

Step 1. Step 2. Step 3. Step 4. Step 5:

In Vitro Irritation Score (IVIS)

Irritation across a range of irritation classifications from severe to mild irritation (n= 3 corneas per . . . 25 - criteria for a Category | corrosive
e 1% Carb ® al Nibi nimal irritati V/IS=1 3 d Carb ® i Upon receipt, bovine Corneas were mounted cMEM was removed 750 pL of test substance Corneas were rinsed ¢ a (IVIS=82.5) When the f |

treatment).“ Xpotsure tcc)l ;t ar Oltjc')b tatone E)I( '_'t_st ?_“n'm_a}[h_'”![tha“?n t(d h t ) an i ?r O![Dhol IS eyes were visually Into chambers and and refilled, and the was applied to the thoroughly to remove ormL:ha.l(k a |'. %ﬂ (?‘ﬂ e (_)rmctlja

consequently not considered to contribute to ocular irritation within the tested mixtures. Histopatholo - - T - S alial o was thickened sli still remained a

evaluaqtion fJ/rther supports that exposure to 1% Carbopol® results in damage similar to ne ati\?e contrgo% examined and_only mCUbafed- for L v & nita Comeql opacily epithelia Slde- otthe -the iest substance and 0~ free-flowing i uidg) t>;1e BCOP results

PP nat exp 0 P u nage sim g > the corneas without 32 + 1°C in complete ~ was read using an cornea (anterior incubated for 2 hrs Cleaning Prototype Cleaning Prototype w/ Thickener g liquid),

treated corneas and that epithelial and stromal damage decreases as viscosity increases. Additionally, defects were minimum essential opacitometer. chamber) for 10 min at  before a final opacity clear yellow non-viscous liquid cloudy yellow non-viscous liquid were below the threshold for EPA

preliminary findings indicate that when a small amount of thickener is added to a complex formulation excised. medium (cMEM). 32 + 1°C. reading. pH=3.5 pH=3.5 Category | (IVIS=66.2).

containing otherwise harsh ingredients, ocular irritation can be mitigated from a Category | label to a _ o o _ o

Category |l label according to current EPA guidelines applicable to cleaning products making anti- Fluorescein Addition Permeblllty Endpoint Fixing the Corneas

microbial claims. Similarly, increasing the viscosity of a formulation containing more than 3% of a severe
Ingredient also resulted in a “Not Classified” label according to OECD criteria when it would have
received a severe classification if left untested (according to CLP regulations). These results indicate that
Increasing viscosity may be an effective tool for reducing ocular irritation potential of a formulation.
Viscosity, among other physical properties, may therefore be used to inform decision making during
product development, ultimately affecting downstream users in such areas as marketing, labeling,
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packaging and distribution. = s e S o e L
Step 7: Step 8: 100 micron PP
1 mL of a 4 mg/mL fluorescein Media was sampled from the Treated corneas were saved from the
solution was added to the epithelial posterior chamber, and the optical assay and fixed in formalin for : _
I N T R O D U CTI O N side of the corneas and incubated density at 490 nm was quantified via  histological evaluation. Negative control (DIH,0) 1% Carbopol® 1% NaOH + 1.25% Carbopol®
at 32 £ 1°C for 90 min. a microplate reader.

Formulations tested for ocular irritation using the BCOP assay may be assigned a specific irritation label based on
the resulting In Vitro score and specific regulatory guidelines (e.g. OECD, EPA, and CLP) that provide cutoff _ - _
values for classifications. The ability to reduce ocular irritation by slightly adjusting the physical properties of a In Vitro Irritation Score (IVIS) = Mean Opacity Value + (15 x Mean OD )

formulation is highly desirable.

According to current EPA guidelines (31 May | mgomm i - - = L
2013), substances tested in the BCOP assay EPA Use of BCOP OECD / GHS Use of BCOP s - - & - - = = B - i
resulting in an IVIS = 75 would receive a s - - - B - | - i b
Category 1 classification indicative of VIS 2 75 = Cat | IVIS >55 = Cat 1 R E SU LT S ——— /VW

Irreversible ocular damage, and those resulting 100 mion

100 micron

In an IVIS < 75 would receive a Category Il

classification  indicating  substantial  but Mes o= el We S = el Clessiiee 1% NaOH + 0.75% Carbopol® 1% NaOH + 0.55% Carbopol® 1% NaOH + 0.25% Carbopol®
temporary ocular injury. OECD test guideline 175 Figure 3. Histopathology Evaluation.

4:.)’;] (26 Ii/Lllg fOéLg) cIa(s:S|tf|es teslt su_bgtanfes Not used for Cat lll or IV IVIS> 3 but = 55 = No prediction; In 1% Carbopol® treated corneas, only upper epithelial damage was observed and stromal and endothelial
WIth an as Laiegory 4, Indicating prediction perform another test 150 observations were similar to the negative control treated corneas (A-B). As Carbopol® concentration decreased in

severe Irritation or corrosive eye damage. the 1% NaOH mixture, an increase in the degree of damage to the corneas was observed as compared to

EPA cutoff for Carbopol® only treated corneas (B-F); epithelial changes including sloughing and detachment from the basement
Cat I/Cat Il Label membrane, denaturation of the epithelial proteins, and blanching of the nuclei in the epithelium were observed.
The stroma and endothelium exhibited progressive damage with increasing stromal swelling and eventual loss of
endothelial function (C-F).
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Initial lab testing using alcohol ethoxylate

(a common surfactant ingredient labeled as a
Category 1 substance by the supplier)
Indicated increasing viscosity reduces ocular
irritation.  According to EU Classification,
Labeling and Packaging (CLP) regulations, a
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In Vitro Irritation Score (IVIS)

In Vitro Irritation Score (IVIS)

mixture containing a = 3% concentration of
alcohol ethoxylate would receive a Category ) 50 v
1 label, unless otherwise tested. When 20 CO N C L U S I O N S
thickened, a tested cleaning prototype 10
formulation with > 3% of the alcohol 25 - < The BCOP assay is a rapid, effective non-animal method to evaluate the ocular irritation potential of
ethoxylate met the criteria for “No 0. | — | . cleaning formulations.
classification” (i.e., IVIS = 0-3). Alcohol ethoxylate ~ Thickened cleaning  Thickened cleaning 0 & — | | | _ _ _ ] - y duc ar ittt oA at
(10%) prototype 1 w/ alcohol prototype 1 w/ alcohol 0 0 0 0 0 0 0 % Increasing viscosity may be an effective tool for reducing ocular irritation potential of a formulation.
ethoxylate ethoxylate (2nd trial) 1% 1% NaOH = 1% NaOH + 1% NaOH + 1% NaOH + 1% NaOH + 1% NaOH + Viscosity, among other physical properties, may therefore be used to inform decision making during product
Carbopol® 0.25% 0.55% 0.75% 1.0% 1.25% development, ultimately affecting downstream users in such areas as marketing, labeling, packaging and
Carbopol®  Carbopol®  Carbopol®  Carbopol®  Carbopol® distribuption ! y J J 9. P Jing
Viscosity (cps=centipoise 4 cps 10 cps 195 cps 8400 cps 18700 cps . . . . . . L . .
O B J ECTIVES y (ep poise) P P P P P * Histology is able to provide useful information regarding the degree and depth of injury including identifying
specific changes in the epithelium, stroma, and endothelium.
Figure 1: Ocular irritation of harsh ingredients diminishes as viscosity increases.
1) Test a common, harsh ingredient (1% NaOH) independently using the BCOP assay and compare results The BCOP assay (n=3 corneas per sample) was performed for 1% NaOH solutions thickened with an
when the ingredient is combined with increasing amounts of a commonly used thickener (Carbopol®). increasing amount of Carbopol® to modify the viscosity of the solution. The 1% Carbopol® control
solution demonstrates that the Carbopol® is not contributing to the irritation, whereas the 1% NaOH ACKNOWLEDGMENTS
2) Add thickener to a complex formulation containina harsh inaredients and evaluate findinas. pOSitive control solution indicates that the solution is corrosive based on the BCOP classification criteria. _ _ _ _
) ¥ J J J The authors would like to acknowledge Jennifer R. Nash (lIVS) for histopathology evaluation.
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