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ABSTRACT
Evaluating ocular irritation of eye-area cosmetics is essential to their 
safety assessment.  Although eye-area formulations are designed to be 
mild, subjective/objective ocular responses can limit their acceptability.  
This study evaluated two similar formulations by comparing alternative 
assays, selected for their ability to distinguish milder effects, to human 
objective and subjective endpoints assessed by a sub-acute human eye 
irritation design.  Ocular irritation alternative assays included Hen's Egg 
Test-Chorioallantoic Membrane (HETCAM) assay, Cytosensor 

®
Microphysiometer Bioassay (CMB), and EpiOcular  (EPO) tissue 
construct assay.  HETCAM evaluates inflammatory responses in a 
complete tissue model.  CMB uses L929 cells to evaluate cytotoxicity 
through metabolic rate measurements. EPO uses differentiated human 
epidermal keratinocytes, having stratified into a squamous epithelium 
similar to corneal tissue.  Human ocular irritation was assessed through 
subjective and objective measures at post-application intervals.  Ocular 
exams included evaluation of the area/density of fluorescein staining of 
all tissues utilizing Kanengiser's 13-point scale. Each formulation was 
assessed simultaneously by randomized, periorbital application to paired 
contralateral eye areas in an exaggerated use design.  Clinical results 
indicated formulation A elicited a slightly greater magnitude and 
frequency of subjective and objective findings compared to formulation 
B. Results of alternative assays predicted both formulations were mild 
but were not entirely consistent in terms of rank ordering relative to the 
human responses. This study demonstrates the need to consider a 
battery of alternative assays when screening formulations for 
distinguishing mild ocular effects and the potential of this clinical protocol 
in predicting differences in eye irritation potential of mild formulations.

OBJECTIVES
> To assess whether certain alternative methods have utility as 

screening assays to distinguish differences in irritation 
potential of eye area formulations. 

> To evaluate potential differences in subjective and objective 
eye irritation responses of eye area formulations through a 
controlled clinical evaluation.

> To evaluate responses to formulations in certain alternative 
eye irritation screening assays in comparison to human 
clinical responses.

MATERIALS AND METHODS (con’t)
Clinical Methods for Assessment of Ocular Irritancy

The protocol for ocular irritancy of eye area cosmetic products was based on Gao et al. (2000).  Eye make-up 
remover (EMR) test formulations A and B were compared directly in this clinical study design through assessment 
of subjective and objective measures of ocular irritation.  Formulations A and B were randomized to respective 
contra-lateral eye areas and data were compared to baseline measures conducted prior to each exposure day.

Test Population:
 
> Subjects were between ages 18 and 58.

> Subjects met all specified inclusion criteria with signed informed consent forms consistent with protocol.

Test Material Application:

> Eye make-up remover (EMR) test formulations A and B were randomized and applied to contralateral eyes of 
each subject.

®> Mascara (Almay  One Coat) was applied to upper and lower lids of both eyes under technician supervision to 
ensure consistency.

> Application of EMR's to entire periorbital area (including eyelids) in amounts exceeding expected daily use

Examination Intervals (Days 1-5): 

> Baseline
> Immediate
> One hour
> Two hours

Ophthalmic Examinations:

> Visual acuity

> Subjective ocular symptoms (i.e. stinging; burning;  itching; dryness; and foreign body sensation)

> Objective ocular examination and scoring:
> Excessive lacrimation
> Eyelid irritation: (redness; scaling; swelling of upper/lower eyelid margins; excessive meibomian 

secretions)
> Conjuctival irritation: palpebral and bulbar (redness; follicular and/or papillary reactions)
> Corneal irritation: (inflammation; neovascularization; edema; infiltrates; opacities; epithelial defects)

> Ocular surface fluorescein staining and examination
> Dacriose® sterile irrigating solution was dropped onto Fluorets® sterile ophthalmic strip 

[fluorescein sodium USP {Chauvin Pharmaceuticals Inc.}.
> A Fluorets® strip was inserted into the inferior cul-de-sac of each eye.
> Integrity of palpebral and bulbar conjuctival tissue, corneal epithelium and caruncle were evaluated 

with Haag-Streit Bern Model Z 2982 Slit Lamp Biomicroscope.
>Assessment of tear film break-up time was conducted at each exam.

RESULTS FROM ALTERNATIVE 
ASSAYS

1-The positive control for this assay, sodium lauryl sulfate, had an MRD  of 0.0806 mg/ml.50
2- The positive control for this assay, 0.3% Triton-X-100, had an ET  of 38.9 minutes.  Based on the ET  50 50

both of these formulations are considered to be non-irritating to ocular tissue.
3- Both formulation A and B are classified as having practically no irritation potential using the classification 
system shown below:

Each of the alternative assays predicted Formulation A and B to be very mild.  However, in both the CMB 
and EPO, Formulation A was determined to be slightly more irritating than Formulation B.  The same 
relationship was observed in the clinical study.  The HETCAM data predicted the same classification for 
both formulations, practically no irritation potential, but predicted an inverse rank ordering.

CONCLUSIONS
> Both Formulations A and B resulted in very mild ocular 

irritation responses as assessed by alternative assays and 
clinical evaluations.

> In this study, cellular-based in vitro assays appear to be 
sensitive in distinguishing small differences in 
subjective/objective irritation between very mild eye area 
formulations as determined by clinical evaluations.

> HETCAM supported the finding that both formulations were 
very mild (practically no irritation), however, scoring results 
were not directly proportional in terms of rank ordering the 
irritancy potential with the cellular-based in vitro results and 
clinical evaluations.

> The clinical evaluation methods employed in this study have 
proven to be safe and have demonstrated sensitivity in 
assessing differences among eye area test formulations.

> These cellular-based in vitro assays may prove useful when 
selecting the most promising formulation candidates for 
human clinical evaluations of eye area formulations.
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Weighted Area and Density Scores for Fluorescein Staining 
Patterns Following Randomized Periorbital Application of Test 

Formulations A or B

Figure 1. Maximum daily area and density scores for fluorescein staining patterns of component quadrants of each 
tissue were multiplied and totaled for all examination days.  Scores from each evaluated tissue were weighted based 
on a modification of the Draize (1944) method for assessing ocular irritancy potential and totaled to determine an 
overall fluorescein staining score for all eyes by  the following equation:
Total weighted score = (palpebral + bulbar) x 2  +  cornea x 5  +  caruncle x 1

AREA DENSITY
No Ocular Irritancy Severe Ocular Irritancy 1 = Occasional, 
0 = No staining Range scattered punctate 

7   = >60% and < 70% staining
Mild Ocular Irritancy 8   = >70% and < 80% 2 = More uniform 
Range 9   = >80% and < 90% pattern of diffusely 
1 = >0 and < 10% 10 = >90% and < 100% scattered punctate 
2 = >10% and < 20% 11 = Mild superficial staining
3 = >20% and < 30% tissue abrasion 3 = Dense foci of 

12 = Moderate punctate staining within 
Moderate Ocular superficial tissue the areas of diffuse 
Irritancy Range abrasion punctate staining
4 = >30% and < 40% 13 = Severe deeper 4 = General pattern of 
5 = >40% and < 50% tissue abrasion dense punctate staining
6 = >50% and < 60%

MATERIALS AND METHODS
Alternate Methods for Assessment of Ocular Irritancy

Cytosensor Microphysiometer Bioassay:

The Cytosensor Microphysiometer Bioassay (CMB) measures the rate of production of acidic metabolites to 
indirectly assess the cellular metabolic rate.  The concentration of test material which causes a 50% decrease 
in acidification rate (MRD ) is determined (Parce et al., 1989).50

Assay Procedure:

5> L929 cells were cultured on transwells (6.0 x 10  cells/cup) and incubated overnight at 37±1ºC and 5±1% 
Co .2

> To begin the assay, the seeded transwells were loaded into the sensor chambers.

> Low-buffer DMEM (MDMEM) was perfused across cells and, after an equilibration period, the basal 
acidification rates were determined for each chamber.

> Five serial dilutions of each formulation were prepared in DMEM.

> The cells were exposed to the lowest concentration for approximately 810 sec.

> Following exposure, the formulation was rinsed out for 360 sec and the acidification rate was measured.

> This sequence was repeated for each increased concentration.

> The % of Control Rate was determined as:

% of Control Rate = acidification rate after formulation exposure  x 100
         mean basal acidification rate

> Dose response curves were plotted with the % of Control Rate on the ordinate and log of formulation 
concentration on the abscissa.  The MRD  for each formulation was interpolated from each plot.50

EpiOcular® Tissue Construct Assay:

MatTek Corporation's EpiOcular® corneal model (OCL-200) (EPO) was used to measure the potential ocular 
irritancy of the formulations.  The model consists of normal human epidermal keratinocytes, which are cultured 
and treated with proprietary stimulators of nonkeratinizing differentiation. This resulted in a stratified tissue 
construct similar to the corneal epithelium.

Assay Procedure:

> Duplicate tissues were dosed topically with 100µl of test material for four exposure times.

> Following test material removal, tissues were placed in wells containing oxidized MTT (1 mg/ml) for a 3 
hour incubation at 37±1ºC and 5±1% CO  to determine cell viability (Berridge et al. 1996).2

> Tissues were placed in isopropanol for 2 hours to extract reduced intracellular MTT.

> Absorbance of reduced MTT was measured at 550 nm using a Molecular Devices' Vmax plate reader.

> % Viability was calculated by comparing test material OD readings with untreated controls.

> Response curves were plotted with % viability on the ordinate and exposure time on the abscissa.

> Duration of exposure causing a 50% decrease in MTT reduction (ET ) was interpolated from the graph.50

The Hen's Egg Test  Utilizing the Chorioallantoic Membrane (HETCAM):

The HETCAM method is based on a modification of the Kemper and Luepke (1986) method.  The 
chorioallantoic membrane (CAM) of the chick embryo is a complete tissue with organoid elements from all germ 
cell layers: 1) ectoderm (chorionic epithelium); endoderm (allantoic epithelium) and mesoderm (layer between 
epithelia consisting of connective tissue, capillaries, veins and lymphatic vessels).  

Assay Procedure:

> Incubation: fertilized White Leghorn eggs placed on sides; rotated hourly at 99°F (± 1°); rel. humidity 60-
70% for 10 days of incubation.  Day 8 through Day 10:  turned so acute angle down.

> Preparation: Day 10 eggs removed from incubation and placed in pre-heated enclosure; Cut made in 
larger end and shell removed down shell-membrane junction. Inner membrane hydrated with warm, 
physiological saline solution which was removed after 2-5 minutes and CAM revealed.

> Dosage/Observation Protocol: Test article or control was dosed at 0.3 ml to each of four CAM's; Twenty 
seconds later test article rinsed from each CAM with 5 ml physiological saline. CAM's observed 
immediately prior to test article administration and at .5 minutes, 2 minutes, 5 minutes after test article 
exposure.

> Reactions of the CAM, the blood vessels including capillaries, and albumin were scored for irritation by the 
following:

Numerical, time-dependent scoring was totaled for each CAM.  Each reaction type was recorded only once 
yielding a maximum score of 32.  Mean score were reported for each treatment.
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0.5 min. 2.0 min. 5.0 min.

Hyperemia 5 3 1

Minimal Hemorrhage (“Feathering”) 7 5 3

Hemorrhage (“Obvious Leakage”) 9 7 5

Coagulation/Thrombosis 11 9 7

SCORE
EFFECT

Mean Score Irritation Potential
0.0-4.9 Practically none
5.0-9.9 Slight

10.0-14.9 Moderate
15.0-32.0 Severe
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RESULTS FROM CLINICAL EVALUATIONS
Proportion of Subjects Reporting Subjective Irritation following 
Randomized Periorbital Application of Test Formulation A or B
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Figure 2. Percentage of subjects reporting subjective irritation following application of test formulation.

 Total Subjective Irritation Reports by Severity Following 
Randomized Periorbital Application of Test Formulation A or B

Maximum Average Daily Scores for Inflammation of the 
Palpebral and Bulbar Conjunctiva following Randomized 

Periorbital Application of Test Formulation A or B

Figure 3. Subjective Irritation Scoring: stinging, burning, itching, dryness and/or foreign body sensation.
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Figure 4. Palpebral and bulbar conjunctival inflammation were comparable for both formulations.  All other 
measures of objective irritation, including lacrimation, eyelid and corneal abnormalities, were not observed 
for either formulation.
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Lacrimation Eyelid Irritation (redness, scaling, Palpebral Conjunctival Irritation Bulbar Conjunctival Irritation
0 = Normal tear production (no excess swelling and/or meibomian secretions) 0 = No evidence of inflammation 0 = No evidence of inflammation Tear Film Break-up Time
wetness) 0 = No evidence of inflammation 1 = Trace redness (very mild 1 = Trace redness (very mild >10 = normal
1 = Trace increase in wetness 1 = Trace inflammation inflammation) inflammation)
2 = Mild increase in wetness (no distinct 2 = Mild inflammation 2 = Mild redness (mild inflammation) 2 = Mild redness (mild inflammation)
formed tears) 3 = Moderate inflammation 3 = Moderate redness (moderate 3 = Moderate redness, some dilation of 
3 = A few formed tears (contained within 4 = Severe inflammation inflammation) blood vessels (moderate inflammation)
cul de sac and on surface of globe) 4 = Marked, intense redness (severe 4 = Marked, intense redness several 
4 = Intense tearing (leaving cul de sac inflammation) dilated blood vessels (severe 
and globe, wetting lids and face) inflammation)

O b j e c t i v e  O p h t h a l m i c  S c o r i n g  S c a l e  ( W i t h o u t  F l u o r e s c e i n  S t a i n i n g )

Formulation A: 

Aqua 
Hexylene Glycol
Sodium Laureth-8 Sulfate
Magnesium Laureth Sulfate 
Disodium Cocoamphodiacetate
Sodium Oleth Sulfate
Magnesium Oleth Sulfate
Sodium Laureth Sulfate
Magnesium Laureth-8 Sulfate 

Allantoin

Phenoxyethanol 

Chamomilla Recutita (Matricaria) Extract
Cucumis Sativus (Cucumber)Fruit 
Extract

Panthenol
Rosa Centifolia Flower Water
Sodium Benzoate 
Imidazolidinyl Urea
Dipotassium Phosphate
Benzyl Alcohol
EDTA

Methyldibromo Glutaronitrile
Potassium Phosphate

Formulation B: 

Aqua
Hexylene Glycol 
Sodium Laureth-8 Sulfate  
Sodium Laureth Sulfate 
Sodium Oleth Sulfate
Phenoxyethanol 
Magnesium Laureth-8 Sulfate 
Magnesium Laureth Sulfate
Magnesium Oleth Sulfate 

Allantoin 
Disodium Cocoamphodiacetate

Chlorhexidine Dihydrochloride 

Disodium EDTA 
Methylparaben
Sodium Chloride
Fragrance 

STUDY  FORMULATIONS
Formulation

CMB
1 

MRD50(mg/ml)

EpiOcularÒ
2 

ET50 (minutes)

HETCAM
3 

Score

A 45.7 258.1 0.75

B 189.5 709.5 2.5
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