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ABSTRACT

In an attempt to build the evaluation strategiesatsess the human eye irritation, a reassessmesanoéin vitro
tests is necessary, particularly concerning the -irdtants, mild and moderate irritants. Thus, tlwerrelations
between results obtained from the Draize test wlhth in vitro methods HET-CAM (Hens Egg Test-Chorion
Allantonic Membrane) and RBC haemolysis assay sesssthe ocular irritancy potential of 20 eye drapsre
examined. Parameters such as accuracy (%) and figgci(%) were determined. All results were coateld with
RBC correctly with the results obtained in the Dmitest. The HET-CAM presented four false-positgeilts,
showing a tendency of data overestimation. Dedpiehigh specificity provided mainly by the RBCQwduld be
necessary to test a wider range of products représg all the scales of irritation to confirm itddity to be used
as a first alternative to test products that cobllpresumptive non-irritants.
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INTRODUCTION al. 1944) has been used for about 60 years in
attempt to predict human eye injury and it is based
As a result of a number of injuries and deaths froron topical instillation of the potential irritanthé
the consumer products in the 1930s, the Unitescoring of ocular adverse effects by examination
States Congress approved the Federal Food, Drof the rabbit eye (Wilhelmus 2001). This test has
and Cosmetic Act (1938), which obligatedbeen a subject of controversy among the animal
premarket safety testing for a variety of productsrights groups and even in the scientific
Animal-based toxicological test methods werecommunity. It has been criticized on the basis of
developed at that time in response to a recognizetbse volume, methods of exposure, use of animals
need by the industry and government regulatorgs models, number of animals, observation and
agencies for supplying reliable products to ensurscoring, including the laboratory procedure
the consumer safety (Wax 1995). variability, interpretation of results and the over
One component in the risk assessment of thgrediction of human response (Princen 2006).
cosmetics - and other products that may come intdowever, the Draize eye irritation test continues t
contact with the human ocular surface - is thde the primary method accepted by the regulatory
determination of its potential to induce eyeagencies worldwide (Vinardell and Mitjans 2008;
irritation. The Draize eye irritation test (Draieé Scott et al. 2010).
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Humane and scientific concerns regarding the usend (i) in the Hen's Egg Test-Chorioallantoic
of animals in toxicology have prompted membrane (HET-CAM). According to a recently
development of manin vitro methods as potential proposedn vitro testing strategy approach for eye
alternatives for animal tests. Despite somérritation called “Botton-Up Approach” (Scott et
progress in the areas of reduction and refinemerd). 2010) these two assays are part of a grouim of
no single test has emerged as being acceptable agitho tests that have the greatest potential to
complete replacement for the conventional Draizeistinguish the non-classified substances from
test, so that development of a battery of nonirritants. Thus, the aim of the present study veas t
animal eye irritation alternative tests is activelyinvestigate the relevance of HET-CAM and RBC
being proposed (McNamme et al. 2009; Barilaest methods in the assessment of irritant potentia
2010). of low-irritant products and to correlate their
On the development af vitro eye irritation tests, results with those oin vivo Draize eye irritation

a variety of methods such as cell-basedest.

cytotoxicity, reconstituted tissue models,

chorioallantoic membrane (CAM) methods,

isolated organ assays and other systems have bagATERIAL AND METHODS

developed since the 1980s (North-Rooth et al.

1985; Luepke and Kemper 1986; Pape et al. 198%Fest substances

Roguet et al. 1992; Balls et al. 1995; Harbelllet aThe products used in the present study comprised
1997; Spielmann et al. 1997; Jones et al. 19990 eye drops acquired from the commercial
Pape et al. 1999; Steiling et al. 1999; Coopet.et astablishments in Rio de Janeiro, Brazil. A

2001; Hutak et al. 2003; Eskes et al. 2005; Doucefescription of the product formulations used irs thi
et al. 2006; Vinardell and Mitjans 2006; Alves etstudy can be found in Table 1.

al. 2008; Cater and Harbell 2008; Schutte et al.
2009; Takahashi et al. 2009). On the other hantihe in vivo test

the relevance of some currently usediitro tests  The Draize test was previously performed in the
for a reliable prediction of human eye irritation, |aboratory routinely and the results described
particularly concerning mild and moderatepelonged to the database bank. Thus,itheivo
irritants, is  still uncertain. Recently, two test was performed as follows. Five male or female
alternative methods, i.e., the Bovine CorneaNew Zeland albino rabbits, weighing 2-3kg, were
Opacity and Permeability (BCOP) and the Isolategised in thein vivo test. The animals were
Chicken Eye (ICE), have been scientificallymaintained in individual cages, with water and
validated (OECD 2009). However, those assayfod ad libitum at 20+2°C and humidity of 70%.
are solely employed to corrosive and severe oculgthe protocol of the ocular irritation test was
irritant ingredients, being not applicable to aajre approved by the Animal Use Ethics Commission
number of ingredients with low-irritant potential (CEUA/FIOCRUZ). One hundred microlitres of
or products that produce human eye distress in theych product were instilled into one of the eyes,
absence of macroscopic adverse clinical evidencgsllowing by massaging for 30 seconds, while the
The present challenge is to develop a non-animgkther eye was used as control. The reading were
test method - or an assessment strategy - suitatjerformed at 24, 48, 72 h and seven days after the
to evaluate mild and moderate irritant material%ppncation’ and the corneal, iris and Conjunctiva|
(Debbasch et al. 2005; McNamme et al. 2009 jterations were graded according to the Draize
Barile 2010). scale (Draize et al. 1944). To classify the eye
In attempt to build up such an assessment strate@itation potentials of the products, the Kay and
to evaluate the human eye irritation, a reCalandra methodo|ogy was used (Kay and
evaluation of some currently usadvitro tests is Calandra 1962), which took into account the
needed, particularly concerning the non-irritantspersistence and severity of the irritation response
mild and moderate irritants. Therefore, in theafter the last reading, the animals were
present study, we investigated the irritationeythanasiated by intravenously injection of 100mg
potential of products previously testetvivo: ()  thiopental/Kg.

in the Red Blood Cell (RBC) haemolysis assay,
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Table 1 -List of tested eye drops.

Eye Drop Formulation

CO01 Zinc salt (1.0 mg), naphazoline hydrochloride (O1tg), vehicle berberine sulphate, hydr
chlorobutanol, benzalkonium chloride, sodium céraflycerin, hydroxypropyl cellulose, purified wa

C002 Hydrochloride methylthioninium (0.015), hydntaride tetrahydrozoline (0.5 mg). Excipients:
hydroxypropyl methylcellulose, monobasic sodium gdtmate, disodium phosphate, sodium chloride,
benzalkonium chloride, disodium edetate, purificatem.

CO003 Naphazoline hydrochloride (0.15 mg), zinc aelf(0.3 mg), vehicle: boric acid, sodium borate,
benzalkonium chloride, disodium edetate, wateiirfaction.

COo04 Methylthioninium hydrochloride (0.15 mg), @iydrozoline hydrochloride (0.5 mg), vehicle: boric
acid, borax, sodium chloride, disodium edetate zbkwonium chloride as a preservative and distilled
water (1ml).

CO05 Chlorobutanol (2.132 mg), boric acid (21.911 mgdiam chloride (4.361 mg), vehicle: sterile
purified water.

CO06 Naphazoline hydrochloride (0.12 mg), vehictmgisting of dextran 70, hypromellose, potassium
chloride, sodium hydroxide and / or hydrochloriadacwith disodium edetate and benzalkonium
chloride as preservative and purified water (1 ml).

CO07 Polyvinyl alcohol (14 mg), excipients: sodiwhloride, benzalkonium chloride, edetate disodium,
dibasic sodium phosphate hepta hydrate, sodiumphiads monobasic monohydrate and purified
water.

COoo08 Chondroitin sulfate (0.03 mg), vehicle: Sodilwaluronate, aprotinin, potassium sorbate, sodium

chloride, disodium edetate and purified water.

CO09 Dextran 70 (0.001 g) and hypromellose (0.00%ehicle: sodium borate, sodium chloride, potassi
chloride (as a preservative) and purified watem(iL

Co10 Naphazoline hydrochloride (0.25 mg), Pheniremmaleate (3 mg), vehicle: boric acid, borax
disodium edetate, benzalkonium chloride as a prvatiee and purified water (1 ml).

CO11 Pranoprofen (1 mg), vehicle: boric acid, sodilborate, polysorbate 80, disodium edetate,
benzalkonium chloride and purified water.

CO12 Sodium cromoglycate (20 and 40 mg), vehicledissn edetate, benzalkonium chloride (as a
preservative) and purified water (1 ml).

Co13 Tetrahydrozoline hydrochloride (0.5 mg), zewfate (1 ml) vehicle: methylene blue, boric acid,
sodium citrate, polysorbate 80, benzalkonium cieand purified water.

Co14 Dexamethasone (1 mg), chloramphenicol (5mefiicle: boric acid, borax, chlorhexidine gluconate,
edetate disodium, Cremophor RH40, plasdone, sobiguifite, creatinine and purified water.
CO15 Hypromellose (5mg), vehicle: sodium phosphditeasic, sodium phosphate monobasic, sodium

chloride, potassium chloride, sodium citrate, eew@isodium, methylparaben, propylparaben and
purified water.

CO16 Benzalkonium chloride (0.1 mg), boric acid ¢(h@) vehicle: 0.1 ml hidrolact chamomile, 0.1 ml of
hidrolact hamamelis, sodium borate (3 mg) and mdifvater.

CO17 Phenylephrine hydrochloride (100mg), vehickedium citrate dihydrate, sodium metabisulfite,
disodium edetate, benzalkonium chloride and putifiater.

Co18 Cromolyn (20 mg), vehicle: disodium edetaenzalkonium chloride (as a preservative) and pdifi
water.

Co19 Isospaglumic acid sodium salt (49 mg), vehiotazalkonium chloride and purified water.

C0O20 Dexamethasone (0.05 mg), chloramphenicol (3, tedrizolina hydrochloride (0.25 mg), Vehicle:
hypromellose, boric acid, borax, disodium edetdtémerosal, polyvinylpyrrolidone and purified

water.
RBC assay temperature, washed three times with phosphate-
Preparation of the erythrocyte suspension buffered saline solution (PBS, pH 7.4), and re-

Defibrinated sheep blood was obtained from theuspended at a concentration of §x&élls/ml in
Laboratory Animals Breeding Center (CECAL) atPBS supplemented with 10nmol/l glucose. This
the Oswaldo Cruz Foundation, Rio de Janeircsuspension was maintained at 4°C for up to four
Brazil. Erythrocytes were separated byweeks. The cells were returned to room
centrifugation at 1302g for 15 minutes at roontemperature prior to the use.
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The assay procedure applied to the chorioallantoic membrane. Four
The assay was performed according to the methajgs were used for each product. After 20 seconds
of Papeet al, (1987). Eight concentration of eachof contact, the membrane was rinsed with 37°C -
product diluted in PBS were incubated withisotonic NaCl solution. The time up to appearance
erythrocytes (8x1bcells/ml) for ten minutes, with of the reactions (hyperaemia, haemorrhage, and
constant shaking at room temperature. Theoagulation) was assessed and the overall irnitatio
incubation was terminated by a high-speedcore (0 to 21) was calculated as the mean sum of
(75209g) centrifugation. The extent of haemolysisndividual scores of all the endpoints from three
was determined spectrophotometrically (UV-160Areplicate assays.

UV/VIS dual-beam spectrophotometer; Shimadzu

Corporation, Kyoto, Japan) at 540nm against &tatistical Analysis

blank, which contained only the sample diluted inThe results obtained in this study were analyzed
PBS. The hemoglobin denaturation was assesség using the performance comparisons between
by monitoring the absorbance at 575 and 540 niie in vitro assays and the Draize eye irritation
(UV-160A; Shimadzu Corporation), against atest, derived from the contingency tables. The
blank containing only the sample diluted in PBSfollowing values were calculated: specificity (the
The denaturation index was calculated as DI [(R1ratio of in vivo non-irritants classifiedn vitro as
Ri)/(R1-R2)]x100, where R1, R2 and Ri were thenon-irritants); accuracy (the ratio of product
ratios between the absorbance readings of thdasses [irritants and non-irritants] correctly
hemoglobin released from the erythrocytes whenlassifiedin vitro) and false positives. Sensitivity
in contact with: (i) distilled water; (ii) sodium (the ratio ofin vivo irritants classifiedn vitro as
lauryl sulphate at 1mg/ml and (iii) the productirritants) was not determined, since not a single
under analysis, respectively. positive result was obtained in thevivo test, and
The extent of haemolysis, expressed as tnerefore also there were no false negatives.
percentage, was calculated as the absorbance of an

erythrocyte suspension incubated with each

product, relative to that of a completely hemolysedRESULTS

control (100%) at 540nm. Thesgvas determined

from the concentration-response curves. The&hein vitro andin vivo irritation potential of the

irritation potential (IP), defined as thedDl ratio, products analyzed in this study are described in
was used for comparison with the data obtained Taple 2. All the eye drops testedvivo (N = 20)

vivo. were classified as non-irritants. This same
classification was obtained in the RBC assay.
HET-CAM assay However, in the HET-CAM test, the products

The HET-CAM assay was carried out inCO03, CO05, CO07 and CO17 were classified as
accordance with the official method (Journalsjight irritants.

Officiel de la Republigue Francaise 1996). Ten-

day-old fertilized eggs from White Leghorn predictive abilities

chicken were incubated on an automatic rotatinghe predictive abilities of the RBC and HET-
device (Premium Ecoldgica, Minas Gerais, BrazillcAM assays in relation to the Draize Test were
at 38.0+ 0.5°C and 70% relative humidity. The evaluated. For such, a contingency table
eggs were obtained from the Immunobiologicatomparing botfin vitro assays with thi vivo test
Technology Institute (Bio-Manguinhos) at thewas set up (Table 3). The comparison of the RBC
Oswaldo Cruz Foundation, Rio de Janeiro, Brazilassay with the Draize Test showed 100%
On day 10 of incubation, the egg shell was openeshecificity and accuracy. When the HET-CAM
at the side of the air chamber and the inner eggssay was compared with the Draize Test,
membrane was carefully removed avoiding angpecificity and accuracy were 80%. Four products
damage to the fine blood vessels of CAM. Threghowed false positive responses (CO03, COO05,
hundred microliters undiluted test products werecO07 and CO17), as demonstrated in Table 4.
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Table 2 - Comparison of classification between theitro assays and tha vivo Draize test.

Product in vivo HET-CAM RBC
MAS Classification Score Classification o/ DI Classification
Eye drops

CO01 0 No irritant 0.88 No irritant >100 No irritant
C002 0 No irritant 0.14 No irritant >100 No irritan
CO003 0 No irritant 1.20 Slight >100 No irritant
COo04 0 No irritant 0.25 No irritant >100 No irnita
CO05 0 No irritant 1.12 Slight >100 No irritant
CO06 0.4 No irritant 0.30 No irritant >100 No femt
COo07 0 No irritant 2.45 Slight >100 No irritant
COo08 0 No irritant 0.25 No irritant >100 No irritan
CO09 0 No irritant 0.65 No irritant >100 No irritan
COo10 0 No irritant 0.35 No irritant >100 No irritan
Co11 0.4 No irritant 0.25 No irritant >100 No ientt
CO12 0 No irritant 0.25 No irritant >100 No irritan
Co13 0 No irritant 0.18 No irritant >100 No irritan
COo14 0 No irritant 0.30 No irritant >100 No irritan
CO15 0 No irritant 0.17 No irritant >100 No irritan
CO16 0 No irritant 0.23 No irritant >100 No irritan
Co17 0.8 No irritant 2.23 Slight >100 No irritant
CO18 0.4 No irritant 0.38 No irritant >100 No ignitt
Co19 0 No irritant 0.27 No irritant >100 No irritan
C0O20 0.4 No irritant 0.32 No irritant >100 No irritant

MAS = maximum average score;dHDI = Irritation potential.

Table 3- Contigency table.

In vivo classification

In vitro classification Irritant Non-irritant

RBC assay Irritant 0 0
Non-irritant 0 20

HET-CAM assay Irritant 0 4
Non-irritant 0 16

Table 4 -Predictability of then vitro assays for the 20 tested products.

Parameter RBC (%) HET-CAM (%)
Sensitivity ND ND
Specificity 100 80
Accuracy 100 80
False negatives ND ND
False positives 0 4

ND: Not determined.

DISCUSSION and has a biological basis for the stated purpose
(Salem and Katz 2003). For the assessment of eye
For validation, new toxicological test methodsirritation, the Draize test - despite its limitato-
must demonstrate their reliability, which meanscontinues to be the only test accepted by the
repeatable and reproducible, and that they ai®ternational regulatory agencies and inovitro
relevant, which means the method is predictivéest has successfully been validated to fully repla
it for regulatory purposes (Barile 2010).
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Although thein vitro HET-CAM test has been layers of the stroma. In other words, depending on
described as a suitable alternative method for thhe mechanism of injury caused by a test substance
assessment of eye irritation of water-soluble(membrane lysis, protein coagulation,
especially surfactant-containing materials (Luepkaaponification or action on macromolecules), its
and Kemper 1986; Steiling et al. 1999), someffect will be better correlated with a specific
authors have reported a poor correlation of HETecular structure and which in turn will be better
CAM results with those oin vivo Draize test related to some specifim vitro methods. The
(Doucet et al. 1999; Debbasch et al. 2005). DespitdET-CAM and RBC, both have in common the
the fact that HET-CAM had been accepted by théeature to assess the potential of a test substance
European Union to identify the ocular corrosivedisrupt the cellular membranes (Scott et al. 2010).
and severe irritants in July 2004 (McNamme et alThus, in order to identify the irritants over the
2009), after about two years, the Interagencegntire potency range for all kind of chemical
Coordinating Committee on the Validation ofclasses, it is generally accepted that a battery of
Alternative  Methods (ICCVAM) did not alternative methods will be required, since no
recommended the HET-CAM as a screening testingle assay will fully replace the Draize test
for the detection of ocular corrosives and sever@arile 2010).

irritants by not considering in this test a suii  In the present study, 20 eye drops presumably non-
performance or an adequate amount of robust dataitants, having been confirmed as such in the
to substantiate its use for the regulatory hazarDraize test were tested in tive vitro HET-CAM
(ICCVAM 2006). Consequently, the HET-CAM and RBC assays to correlate their results with
was not recommended as a screening test for thigose of Draize Test with the main purpose of
specific detection of that kind of irritants, buasv getting a preliminary evaluation of their real
deemed useful for other objectives such as faapplicability on the first step of the "Botton-Up
example, to identify the non-irritants (Scott et al Approach”. In this strategy, if test results indezh
2010; Scheel et al. 2011). In this specific gdad, t that the product or material was non-irritant, no
RBC - an assay that is based on scientific anddditional tests would be needed. Otherwise, if a
industry experience - is accepted as being “suatablest substance was classified with any degree of
for purpose” although not officially accepted byirritation, an additional appropriate validated and
the regulatory agencies (McNamme et al. 2009), isighly reliable in vitro test to identify the real
quite similar to the HET-CAM in the recent classification of the substance would be needed in
proposed eye irritation testing strategy calledhe next step of the proposed battery. However, to
"Bottom-Up approach” to test the materialsdefinitely implement this type of approach, it
estimated to have a no to low eye irritancywould be necessary that international regulatory
potential (Scott et al. 2010), what would really beauthorities accept the scientific validity of assay
interested in the area of quality control ofcapable of accurately identifying negative results,
products, subject to the action of Sanitarywithout enforcing the need for confirmatory
Surveillance €.g. cosmetics such as shampoosanimal results (Scott et al. 2010).

conditioners, makeup, medicinal products foWith the data found in the present evaluation, The
ophthalmic use). RBC was better than the HET-CAM in terms of
The HET-CAM provides information on the predictability, because all the 20 results obtained
effects that may occur in the conjunctiva followingin the RBC assay were correctly correlated with
exposure to a test substance. In the case of RBtbe Draize Test (Table 2). These results were
the effects are more related to the corneal damagensistent with recently published studies that
(McNamme et al. 2009). The extent ofshowed good applicabilty of RBC in the
involvement of the different ocular structures inevaluation of ocular irritation induced by the
the irritation is usually a reflection of the seter surfactants (Mehling et al. 2007; Mitjans et al.
of the response. All categories of irritants caus@008) and finished products (Alves et al. 2008).
some degree of alteration in the conjunctiva. Th&he HET-CAM assay gave both specificity and
corneal injury ranges according to the potentiahccuracy of 80%, overestimating tha vivo
irritant: (i) Slight irritants tend to affect the results. The fact that HET-CAM method
superficial corneal epithelium, (ii) Moderate overestimated the results obtainedivo had been
irritants affect beside epithelium, the superficialdescribed previously and was probably due to the
stroma, and (iii) Severe irritants affect deepeconditions of exposure to the product which was
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applied directly into the chorio-allantoic to the Draize eye irritation test for classificatiand
membrane, taking into account the fragility of labeling of chemicalsToxicol in Vitr0.1995; 9: 871-
blood capillaries of the chorioallantoic membrane 929

and the high, non- physiological osmolality OfBariIe FA. Validating and troubleshooting ocular
some test éubstances (Hagino et al 1999.vitro toxicology testsJ Pharmacol Toxicol Methods.

Debbasch et al. 2005). 2010; 61: 136-145.

. L Cater K, Harbell J. Comparison iof vitro eye irritation
Finally, it is noteworthy that the prospect of pstential by bovine coreal opacity and permeapbilit

definitive replacing the Draize eye irritation tégt (BCOP) assay to erythema scores in human eye sting
anin vitro strategy requires a wide knowledge of test of surfactant-based formulationGutan Ocul

the models involved, including a better Toxicol.2008; 27: 77-85.

understanding of the mechanisms of eye irritationcooper KJ, Earl LK, Harbell J, Raabe H. Predictodn
and, therefore, further studies in this area ate st ocular irritancy of prototype shampoo formulations
required. The key challenge for the regulatory by the isolated rabbit eye (IRE) test and bovine
agencies and industries that have an interesisn th corneal opacity and permeability (BCOP) assay.

- . . 1. Toxicol in Vitro.2001. 15 (2): 95-103.
th_eme IS _to deve_lop _a_m evaluation strategy, WhICBebbasch C, Ebenhahn C(D)ami N, Pericoi M, Van den
will be built on scientific knowledge. ' f ’ '

Berghe C, Cottin M, et al.. Eye irritation of low-
irritant cosmetic formulations: correlation iof vitro
results with clinical data and product composition.
CONCLUSION Food Chem ToxicoR005; 43: 155-165.

Doucet O, Lanvin M, Zastrow L. Comparison of three

The results suggested that both the RBC and thein vitrq methods for the assessment of eye irritation
HET-CAM test were feasible and easy to perform, Potential of formulated productsin Vitro - Mol

X ' Toxicol.1999;12: 63-76.
when compared to the _Dralze test, bu_t th_e HETDoucet O, Lanvin M, Thillou C, Linossier C, Pupat C
CAM tended to overestimate the resuhisvivo. Merlin B, et al. Reconstituted human corneal
The RBC assay showed to be more susceptible togpithelium: a new alternative to the Draize eye tes
evaluate the low-irritant products, as it corredate for the assessment of the eye irritation poterufal
exactly with then vivo test. However, it would be  chemicals and cosmetic produci®xicol In Vitra
necessary to conduct a more comprehensive20: 499-512.
evaluation with a larger number of productsPraize JH, Woodard G, Calvery OH. Methods for the
representing various categories of irritation in an Study of iritation and toxicity of substances apgl

inter-laboratory study to confirm these results. topically to_the skin and mucous membrands.
y y Pharmacol Exp Therl944; 83: 377-390.

Eskes C, Bessou S, Bruner L, Curren R, Harbell J,
Jones P, et al. Eye irritatioATLA.2005; 33 (1): 47—
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