
DB-ALM Method Summary n° 37 : Red Blood Cell (RBC) Test - Summary
Eye Irritation

The Red Blood Cell (RBC) test is used to examine ocular irritants by measuring lysis of erythrocytes
(haemolysis) and denaturation of released oxyhaemoglobin.

Objective & Application

TYPE OF TESTING : Replacement (partial)
LEVEL OF ASSESSMENT : Toxic potential

The RBC test was proposed as an alternative to the Draize rabbit eye test (OECD TG 405, 2012; Method
B.5 of Annex to Commission Regulation 440/2008/EC, EU 2008; Draize et al., 1944) and in fact, in the
literature it is reported to be employed to analyse eye irritation potential of surfactants and
surfactant-based formulations (Pape et al., 1999).

Lately, it became evident that for testing chemicals for the eye irritation potential, no in vitro alternative
is known as full replacement of the in vivo test, but a strategic combination of several alternative test
methods would have to be used for this purpose (ESAC, 2009) and in this context some industried
developed the idea to use the RBC test as a part of a test battery for screening purposes (Eskes et al., 2005).

In 2009, an ESAC statement endorsing 4 cytotoxicity/cell-function based in vitro assays for eye irritation
testing (ESAC, 2009) considered the available evidence regarding the RBC (DB-ALM Protocols No. 37 and
No. 99) to be insufficient for a recommendation for regulatory use.

Basis of the Method

The RBC test was developed by Pape and co-workers (1987; 1990) with bovine erythrocytes and by Lewis 
et al. (1993; 1994) using rabbit erythrocytes. It was shown by Pape and co-workers (Pape et al., 1987;
Pape and Hoppe, 1990) that substances, which induce haemolysis, always cause some extent of eye
irritation in the Draize rabbit eye test (Eskes et al., 2005) and that protein denaturation is a key
mechanism for the formation of corneal opacity in the eye and is therefore considered as relevant
endpoint. The RBC test, in fact, is a cell-based cytotoxicity assay, which allows assessing membrane
damage of erythrocytes (haemolysis) and changes of the oxyhaemoglobin configuration (protein
denaturation). To determine haemolysis, the haemoglobin leakage is measured spectrophotometrically.
Oxyhaemoglobin denaturation is also analysed spectrophotometrically.
So, both endpoints of the RBC test are measured spectrophotometrically using different wavelengths.

Experimental Description

Biological and Endpoint Measurement:

HAEMOLYSIS: the percentage release of haemoglobin from fresh red blood cells is measured
spectrophotometrically
PROTEIN DENATURATION: denaturation of released oxyhaemoglobin (given as denaturation index
(DI) in% denaturation) is measured spectrophotometrically

Endpoint Value:

H50: the concentration of a test substance (in mg/l,mol/l or ppm) that induces the lysis of 50% of the
red blood cells

Experimental System:

ERYTHROCYTES: mammalian erythrocytes are isolated from fresh blood

Erythrocytes are isolated from fresh blood by centrifugation and a RBC suspension (8 x 109 cells/ml) is
prepared. Test substances are diluted in PBS. A range finding should be carried out prior to the main
assay to ensure adequate concentrations for the dose-response curves (DB-ALM Protocol No. 99). To this
end the concentration with the highest amount of denaturation relative to the totally lysed sample
(D max) and the concentration, at which denaturation becomes lower than 10% (Dlow) are determined.

To assess haemolysis, 25 µl of the RBC suspension (8 x 109 cells/ml) is added to a range of dilutions (6 to
eight) of each test substance (in a volume of 975 µl). The incubation (10 min at room temperature) is
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eight) of each test substance (in a volume of 975 µl). The incubation (10 min at room temperature) is
terminated by a centrifugation step and the released oxyhaemoglobin in the supernatant is measured
spectrophotometrically (at 541 nm). The maximal lysis (100%) is achieved using distilled water;
spontaneous haemolysis (< 5%) is monitored using PBS (negative control). The release caused by each
concentration of the test substance is expressed in relative percentage to the maximal lysis and a
dose-response curve is prepared. The half-maximal effective concentration (H50) for each substance is
calculated.

To determine the denaturation of oxyhaemoglobin, the RBCs are incubated with a 1% solution of the test
substance, respectively 0.1% solution of surfactants. After 10 min the supernatant of the samples is
measured at 540 nm and 575 nm in a UV/VIS spectrophotometer. The extinction measured at 575 nm is
divided by the extinction obtained at 540 nm to get the ratio (R). For oxyhaemoglobin the ratio (R1) is set
1.05 whereas the ratio of the positive control (SDS 3.47 mmol/l) is R2. The difference between R1 and R2
is equal to 100% denaturation. The denaturation index (DI) is calculated as follows:

DI (%) = 100 (R1 – Ri) / (R1 – R2)
R1 = ratio for oxyhaemaglobin (set to 1.05)
R2 = ratio for the internal positive control
Ri = ratio for the irritant (test substance)
In addition, the relationship between haemolysis (H50) and denaturation (DI) is expressed as L/D ratio.

SOPs are available in DB-ALM as Protocols No. 37:" Red Blood Cell (RBC) Test System" and No. 99: "Red
Blood Cell (RBC) Lysis and Protein Denaturation".

Data Analysis/Prediction Model

Pape and Hoppe (1990) introduced a prediction model that is based on the ratio between the two
endpoints (haemolysis and denaturation). The authors correlated the ocular irritancy obtained after 1 h
with a modified Draize rabbit eye test (MIOI) with the L/D ratio. A correlation between these two
parameters was found, which led to the following classification for surfactants (Pape and Hoppe, 1990;
DB-ALM Protocol No. 37)
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In vivo eye irritation MIOI In vitro L/D ratio

non-irritant 0 - 5 > 100

slightly irritant > 5 < 15 > 10

moderately irritant > 15 < 25 > 1

irritant > 25 < 40 > 0.1

very irritant > 40 < 0.1

According to Pape and Hoppe (1990).

Lewis et al. (1993; 1994) proposed a classification that is based on only one endpoint (haemolysis). The
authors correlated the obtained H50 values with historical MMTDS obtained by ICI (UK) and categorized
the in vitro H50 values into two classes (non-irritant, irritant). According to Lewis et al. (1994), substances
with an in vivo MMTS > 15 and a H50 values < 10 x 10-4 were regarded as irritating (no further information
is given by the authors).

In Vivo In Vitro

CLASSIFICATION MMTDS RBC H50 (x10-4 M) CLASSIFICATION

Non-irritant 0-5 > 100 Non-irritant

Minimally irritant > 5 < 15 10 - 100

Mild irritant > 15 < 25 1 -10 Irritant

Moderate Irritant > 25 < 50 < 1

Severe irritant > 50 < 80

Another prediction model was developed by the COLIPA study (Pape et al., 1999), using in vivo data from
the ECETOC Data base (ECETOC, 1992) and from the Eye irritation reference chemical data bank (Bagley 
et al., 1992). The PMs reported above were applied only for surfactants, the COLIPA study introduced a
PM suitable for other groups of material, such as ingredients and formulations. Pape et al. (1999)
reported several values for the coefficients A, B, and C, which are characteristic for certain materials and
chemicals. The following equation was used for prediction:
MMAS = A / [1 + (B ∙ H50)C ]
where A = 110; B = 0.00184; C = 1 for surfactant ingredients
where A = 55; B = 0.00196; C = 1 for surfactant-based formulations
where A = 110; B = 0.00444; C = 1 for surfactants and formulations

Test Compounds

Chemicals, surfactants, surfactant-based formulations have been used.

Modifications

Blood from several species are used for the RBC test. The available SOP are established using bovine,
respectively rabbit red blood cells. In addition, various authors performed the test with erythrocytes from
other donors, such as rats (Okamoto et al., 1990; Sugai et al., 1991; Lagarto et al., 2006), guinea pigs
(Hayashi et al., 1994), calves (Pape et al., 1987; Kristen et al., 1993; Lagarto et al., 2006), sheep (Okamoto 
et al., 1999), dogs (Singleton et al., 1994), and humans (Singleton et al., 1994; Benavides et al., 2004;
Martinez et al., 2006). Lewis et al. (1993; 1994) used a prolonged exposure-time of 60 min.

Prediction models are available using one or both endpoints. Some authors employ only the H50 value
for predicting the irritation potency of a test substance (Lewis et al., 1993; Lewis et al., 1994), others
calculate the ratio between haemolysis and denaturation (Pape et al., 1987; Pape and Hoppe 1991;
Benavides et al., 2004).

A modified cell-free HD assay is carried out in the MHW/NIHS between-laboratory validation study
(Hatao et al., 1999) (for more information a corresponding method summary is available).

Discussion

According to Pape et al. (1987), the RBC test is an inexpensive, rapid assay with reliable results and a
good reproducibility. Red blood cells from several animal species are easily available (e. g animal blood

https://ecvam-dbalm.jrc.ec.europa.eu/methods-and-protocols/method-summaries page 3 / 10 

© ECVAM DB-ALM: Method Summary 

https://ecvam-dbalm.jrc.ec.europa.eu/methods-and-protocols/method-summaries


good reproducibility. Red blood cells from several animal species are easily available (e. g animal blood
from slaughterhouse), while human blood is available from blood banks. Some differences between the
size and the stability of the red blood cells are observed between species (Pape et al., 1999) and have to
be taken into account using the RBC assay. According to Lagarto et al. (2006), the predictive capacity of
the assay was better using bovine than rat RBCs. The assay is limited to water-soluble or
water-dispersible substances. In addition, Eskes et al. (2005) mentioned that the RBC test can be used for
coloured substances, but the membrane damage (haemolysis) has to be determined by another
alternative method, since some colours might interfere with the wavelength used for the haemolysis
measurement.
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Status

The RBC assay showed a good between-laboratory reproducibility (Brantom et al., 1997; Pape et al.,
1999; Ohono et al., 1994; Okamoto et al., 1999) and within-laboratory repeatability for the assessment of
surfactants or surfactant-based formulations (Brantom et al., 1997; Pape et al., 1999). A good correlation
(correlation coefficient 0.945) between the results on haemoglobin denaturation (H50) for 18 substances
from two different validation studies (EC/HOME and the COLIPA validation study) was reported by Pape 
et al. (1999).

The RBC assay was evaluated in validation studies in Europe, the United States and Japan. From these
studies (EC/HOME, COLIPA, CTFA, Japanese between-laboratory validation, and IRAG) it was concluded
that the assay has its best performance with surfactants and surfactant-based formulations (Balls et al.,
1995; Brantom et al., 1997; Pape et al., 1999; Gettings et al., 1996; Ohono et al., 1994; Okamoto et al.,
1999).

IRAG (working group 4: cell-cytotoxicity assays) concluded that for a proper assessment of the assay
additional data is required from other classes of substances than surfactants (Harbell et al., 1997). The
Management Team of the EC/HOME validation study stated that the RBC assay alone cannot serve as
complete substitute for the Draize test (Balls et al., 1995).

The RBC assay has been included in a preliminary evaluation applying reference substances from
different classes of substances in order to improve regulatory acceptance of the assay (Balls et al., 1999;
Brantom et al., 2000; Eskes et al., 2005). Brantom et al. (2000) mentioned that the results for surfactants
obtained in this study with the RBC assay showed a similar ranking to the in vivo Draize MMAS.

Eskes et al. (2005) pointed out that the assay is routinely used by industry as part of a test battery for
screening purposes. Furthermore, the authors recommend the RBC assay in combination with other
alternative methods based on different endpoints to improve the prediction of ocular irritating
substances.

In 2005, ECVAM initiated a retrospective evaluation for the following four in vitro methods: the NRR
assay, the RBC test, the FLT, and the SM. The final evaluation of DB-ALM Protocols 37 and 99 both
concerning the Red Blood Cell Haemolysis method done by the Validation Management Team indicates
that " ... the available evidences are not sufficient to support a recommendation for a regulatory use
consideration (ESAC, 2009)."

Abbreviations & Definitions

COLIPA: European Cosmetic, Toiletry and Perfumery Associations
CTFA: Cosmetic, Toiletry and Fragrance Associations
EC: European Commission
ECETOC (European Centre for Ecotoxicology and Toxicology of Chemicals)
EC/HO: European Commission/British Home Office
ESAC: ECVAM Scientific Advisory Committee
EU: European Union
FLT: Fluorescein Leakage Test
HD: Haemoglobin Denaturation
IRAG: Interagency Regulatory Alternatives Group
L/D: Lysis/Denaturation
MMAS: Modified MAximum Score
MHW/NIHS: Japanese Ministry of Health and Welfare/ National Institute of Health Sciences
MIOI: Mean Indices of Ocular Irritation
MMTDS: Maximum Mean Total Draize Score
NRR: Neutral Red Release
OECD: Organisation for Economic Co-operation and Development
PBS: Phosphate Buffered Saline
PM. Prediction Model
RBC: Red Blood Cell
SM: Silicon Microphysiometer
SOP: Standard Operating Procedures
TG: Test Guideline
UV-VIS: ultraviolet-visible

Bibliography

https://ecvam-dbalm.jrc.ec.europa.eu/methods-and-protocols/method-summaries page 5 / 10 

© ECVAM DB-ALM: Method Summary 

https://ecvam-dbalm.jrc.ec.europa.eu/methods-and-protocols/method-summaries


Bagley, D. M., Botham, P. A., Gardner, J. R., Holland, G., Kreiling, R., Lewis, R. W., Stringer, D. A., and
Walker, P. (1992)
Eye irritation: reference chemicals data bank.
Toxicology In Vitro 6, 487-491

Balls M., Botham P.A., Bruner L.H. and Spielmann H. (1995)
The EC/HO international validation study on alternatives to the Draize eye irritation test.
Toxicology In Vitro 9(6), 871-929

Balls, M., Berg, N., Bruner, L.H., Curren, R.D., de Silva, O., Earl, L.K., Esdaile, D.J., Fentem, J.H., Liebsch,
M., Ohno, Y., Prinsen, M.K., Spielmann H., and Worth A.P. (1999)
Eye Irritation Testing: The Way Forward.
Alternatives to Laboratory Animals (ATLA) 27, 53-77

Balls, M., Brantom, P. G., Cassidy, S., Esdaile, D., Fentem, J., Liebsch, M., McPherson, J., Pfannenbecker,
U., and Prinsen, M. (1999)
Preliminary evaluation ot the application of reference standards in the prevalidation and validation of in
vitro tests for eye irritation. Proceedings of the Second International Scientific Conference organised by
The European Cosmetic Industry, Brussels, Belgium, 1999 Colipa, The European Cosmetic, Toiletry and
Perfumery Association.
Alternatives to Animal Testing II, 201-204

Benavides, T., Martínez, V., Mitjans, M., Infante, M.R., Moran, C., Clapés, P., Clothier, R. and Vinardell,
M.P. (2004)
Assessment of the potential irritation and photoirritation of novel amino acid-based surfactants by in
vitro methods as alternative to the animal tests.
Toxicology 201, 87-96

Benavides, T., Mitjans, M., Martínez, V., Clapés, P., Infante, M.R., Clothier, R.H. and Vinardell, M.P.
(2004)
Assessment of primary eye and skin irritants by in vitro cytotoxicity and phototoxicity models: an in
vitro approach of new arginine-based surfactant-induced irritation.
Toxicology 197, 229-237

Brantom P.G., Bruner L.H., Chamberlain M., De Silva O., Dupuis J., Earl L.K., Lovell D.P., Pape W.J.W.,
Uttley M., Bagley D.M., Baker F.W., Bracher M., Courtellemont P., Declercq L., Freeman S., Steiling W.,
Walker A.P., Carr G.J., Dami N., Thomas G., Harbell J., Jones P.A., Pfannenbecker U., Southee J.A.,
Tcheng M., Argembeaux H., Castelli D., Clothier R., Esdaile D.J., Itigaki H., Jung K., Kasai Y., Kojima H.,
Kristen U., Larnicol M., Lewis R.W., Marenus K., Moreno O., Peterson A., Rasmussen E.S., Robles C. and
Stern M. (1997)
A Summary Report of the COLIPA International Validation Study on Alternatives to the Draize Rabbit
Eye Irritation Test.
Toxicology In Vitro 11, 141-179

Brantom, P. G., Cassidy, S., Eigler, D., Esdaile, D., Fentem, H., Liebsch, M., McPherson, J.,
Pfannenbecker, U., and Prinsen, M. (2000)
Preliminary evaluation ot the application of reference standards in the prevalidation and validation of in
vitro tests for eye irritation. Final Report Volume 1European Community contract no.
1447-1998-11F1ED ISP GB
Bruner, L. H., De Silva, O., Earl, L. K., Easty, D. L., Pape, W., and Spielmann, H. (1998)
Report on the COLIPA workshop on mechanisms of eye irritation
Alternatives to Laboratory Animals (ATLA) 26, 811-820

Christian, M. S., and Diener, R. M. (1996)
Soaps and Detergents - alternatives to animal eye irritation tests.
Journal of the American College of Toxicology 15, 1-44

Conduzorgues, J. P.; Hagège, M.; Dumas, M.; Meybeck, A. (1989)
Participation of the membrane effect to the cytotoxicity of tensio-active agents comparison with ocular
irritation in vivo.
Lens and Eye Toxicity Research 6, 375-378

Draize J.H., Woodard G.K. and Calvery H.O. (1944)
Methods for the study of irritation and toxicity of substances applied topically to the skin and mucous
membranes.
Journal of Pharmacology and Experimental Therapeutics 82, 377-390

ESAC (2009)

https://ecvam-dbalm.jrc.ec.europa.eu/methods-and-protocols/method-summaries page 6 / 10 

© ECVAM DB-ALM: Method Summary 

https://ecvam-dbalm.jrc.ec.europa.eu/methods-and-protocols/method-summaries


Statement on the Scientific Validity of cytotoxicity/cell-function based in vitro assay for eye irritation
testing, 31st meeting of ECVAM Scientific Advisory Committee (ESAC), 7-8 July 2009. European
Commission- Joint Research Centre. Institute for Health and Consumer Protection. European Centre
for Validation of Alternative Methods (ECVAM).
ECVAM Scientific Advisory Committee. 

EU (2008)
Council Regulation (EC) No 440/2008 of 30 May 2008, laying down test methods pursuant to Regulation
(EC) No 1907/2006 of the European Parliament and of the Council on the Registration, Evaluation,
Authorisation and Restriction of Chemicals (REACH). Annex, part B. Methods for the determination of
toxicity and other health effects.
Official Journal of the European Communities L 142, 141-443

Eherts, D. (2002)
An in-vitro Tiered Approach Alternative to Live Animal Testing for Determination of Ocular or Dermal
Irritation. Thesis submitted to the Faculty of Drexel University. Available on request from 
http://www.library.drexel.edu (last access 19.06.2013)
Eskes, C., Bessou, S., Bruner, L., Curren, R., Harbell, J., Jones, P., Kreiling, R., Liebsch, M., McNamee, P.,
Pape, W., Prinsen, M. K., Seidle, T., Vanparys, P., Worth, A., and Zuang, V. (2005)
Eye irritation.
Alternatives to Laboratory Animals (ATLA) 33, Suppl. 1, 47-81

European Centre for Ecotoxicology and Toxicology of Chemicals (ECETOC). (1992)
Eye Irritation: Reference Chemicals Data Bank, ECETOC Technical Report No. 48.
ECETOC Technical Report

Flower, C. (1987)
Some problems in validating cytotoxicity as a correlate of ocular irritancy.
In Vitro Methods in Toxicology - Approaches to Validation. Alternative Methods in Toxicology 5, 269-274

Gettings, S.D., Lordo, R.A., Hintze, K.L., Bagley, D.M., Casterton, P.L., Chudkowski, M., Curren, R.D.,
Demetrulias, J.L., Dispasquale, L.C., Earl, L.K., Feder, P.I., Galli, C.L., Glaza, S.M., Gordon, V.C., Janus, J.,
Kurtz, P.J., Marenus, K.D., Moral, J., Pape, W.J., Penskers, K.J., Rheins, L.A., Roddy, M.T., Rozen, M.G.,
Tedeschi, J.P., and Zyrachi, J. (1996)
The CTFA evaluation of alternatives program: An evaluation of in vitro alternatives to the Draize primary
eye irritation test. (Phase III). Surfactant-based formulations.
Food and Chemical Toxicology 34, 79-117

Harbell, J.W., Koontz, S.W., Lewis, R.W., Lovell, D. and Acosta, D. (1997)
IRAG working group 4. Cell cytotoxicity assays.
Food and Chemical Toxicology 35, 79-126

Hatao, M.; Murakami, N.; Sakamoto, K.; Ohnuma, M.; Matsushige, C.; Kakishima, H.; Ogawa, T.; Kojima,
H.; Matsukawa, K.; Masuda, K.; Chiba, K.; Yoshizawa, K.; Kaneko, T.; Iwabuchi, Y.; Matsushima, Y.;
Momma, J.; Ohno, Y. (1999)
Interlaboratory validation of the in vitro eye irritation tests for cosmetic ingredients. (4) Haemoglobin
Denaturation Test.
Toxicology In Vitro 13, 125-137

Hayashi, T., Itagaki, H., Fukuda, T., Tamura, U. and Kato, S. (1994)
In vitro battery test system for predicting eye irritancy.
Alternatives to Animal Testing and Experimentation (AATEX) 2, 215-223

Hayashi, T., Itagaki, H., Fukuda, T., Tamura, U., and Kato, S (1994)
Multivariate factorial analysis of data obtained in seven in vitro test systems for predicting eye irritancy.
In Vitro Toxicology 8, 215-220

Kampf G., Bielfeldt S., Pfannenbecker U. and Rudolf M. (2001)
Dermal and mucosal tolerance of a new antiseptic liquid soap.
Dermatologie in Beruf und Umwelt 49, 198-201

Kristen U., Kappler R., Pape W.J.W. and Hoppe U. (1993)
In vitro toxicity assessment of tensides: The pollen tube growth test, the red blood cell test and the
Draize eye irritation assay in comparison.
BioEngineering 9, 39-45

Lagarto, A., Vega, R., Vega, Y., Guerra, I. and González, R. (2006)
Comparative study of red blood cell method in rat and calves blood as alternatives of Draize eye
irritation test.

https://ecvam-dbalm.jrc.ec.europa.eu/methods-and-protocols/method-summaries page 7 / 10 

© ECVAM DB-ALM: Method Summary 

http://ihcp.jrc.ec.europa.eu/our_labs/eurl-ecvam/scientific-advice-stakeholders-networks/ecvam-scientific-advisory-committee-esac/statements-opinions
http://www.library.drexel.edu/
https://ecvam-dbalm.jrc.ec.europa.eu/methods-and-protocols/method-summaries


Toxicology In Vitro 20, 529-533

Lewis, R.W., McCall, J.C. and Botham, P.A. (1993)
A comparison of two cytotoxicity tests for predicting ocular irritancy of surfactants.
Toxicology In Vitro 7, 155-159

Lewis, R.W., McCall, J.C., Botham, P.A. and Trebilcock, R. (1994)
A comparison of two cytotoxicity tests for predicting the ocular irritancy of surfactants.
Toxicology In Vitro 8, 867-869

Martínez, V., Corsini, E., Mitjans, M., Pinazo, A. and Vinardell, M.P. (2006)
Evaluation of eye and skin irritation of arginine-derivative surfactants using different in vitro endpoints
as alternatives to the in vivo assays.
Toxicology Letters 164, 259-267

Mehling, A., Kleber, M., and Hensen, H. (2007)
Comparative studies on the ocular and dermal irritation potential of surfactants.
Food and Chemical Toxicology 45, 747-758

Mitjans, M., Martínez, V., Clapés, P., Perez, L., Infante, M.R. and Vinardell, M.P. (2003)
Low potential ocular irritation of arginine-based gemini surfactants and their mixtures with nonionic
and zwitterionic surfactants.
Pharmaceutical Research 20, 1697-1701

Muir C.K., Flower C. and Van Abbé N.J. (1983)
A novel approach to the search for in vitro alternatives to in vivo eye irritancy testing.
Toxicology Letters 18, 1-5

OECD (2012)
OECD Test Guideline No. 405: Acute Eye Irritation/Corrosion. First Adopted in 1981. Last update
adopted on 2nd October 2012. Link to document (last access 29.10.2012)
OECD Guidelines for the Testing of Chemicals, Section 4, Health Effects

Ohno, Y. (2004)
The validation and regulatory acceptance of alternative methods in Japan.
Alternatives to Laboratory Animals (ATLA) 32, Suppl. 1, 643-655

Ohno, Y., Kaneko, T., Kobayashi, T., Inoue, T., Kuroiwa, Y., Yoshida, T., Momma, J., Hayashi, M.,
Akiyama, J., Atsumi, T., Chiba, K., Endo, T., Fujii, A., Kakishima, H., Kiojima, H., Masamoto, Y., Masuda,
M., Matsukawa, K., Ohkoshi, K., Okada, J., Sakamoto, K., Takano, K., Suzuki, T., and Tanaka, A. (1995)
First phase inter-laboratory validation of the in vitro eye irritation tests for cosmetic ingredients: (1)
overview, organization and results of the validation study. 
Alternatives to Animal Testing and Experimentation (AATEX) 3, 123-136

Ohno, Y.; Kaneko, T.; Inoue, T.; Morikawa, Y.; Yoshida, T.; Fujii, A.; Masuda, M.; Ohno, T.; Hayashi, M.;
Momma, J.; Uchiyama, T.; Chiba, K.; Ikeda, N.; Imanishi, Y.; Itakagaki, H.; Kakishima, H.; Kasai, Y.;
Kurishita, A.; Kojima, H.; Matsukawa, K.; Nakamura, T.; Ohkoshi, K.; Okumura, H.; Saijo, K.; Sakamoto,
K.; Suzuki, T.; Takano, K.; Tatsumi, H.; Tani, N.; Usami, M.; Watanabe, R. (1999)
Interlaboratory validation of the in vitro eye irritation tests for cosmetic ingredients. (1) Overview of the
validation study and Draize scores for the evaluation of the tests.
Toxicology In Vitro 13, 73-98

Ohno, Y.; Kaneko, T.; Kobayashi, T.; Inoue, T.; Kuroiwa, Y.; Yoshida, T.; Momma, J.; Hayashi, M.;
Akiyama, J.; Atsumi, T.; Chiba, K.; Endo, T.; Fujii, A.; Kakishima, H.; Kojima, H.; Masamoto, K.; Masuda,
M.; Matsukawa, S.; Ohkoshi, K.; Okada, J.; Sakamoto, K.; Takano, K.; Takanaka, A. (1994)
First-phase validation of the in vitro eye irritation tests for cosmetic ingredients.
In Vitro Toxicology 7, 89-94

Okamato, Y., Kanazaki, N. and Tanaka, N. (1990)
Studies on an in vitro alternative method to the Draize rabbit eye irritation test.
Journal of the Society of Cosmetic Chemists 23, 272-279

Okamoto, Y., Ohkoshi, K., Itagaki, H., Inoue, K., Shibata, M., Kakashima, H., Ogawa, T., Konishi, K.,
Sakamoto, K., Takino, Y., Kanari, M., Matsukawa, K., Masuda, K., Kojima, H., Chiba, K., Makino, I.,
Kaneko, T., Hirose, A., Ohno, Y., and Takanaka, A. (1995)
First phase inter-laboratory validation of the in vitro eye irritation tests for cosmetic ingredients: (3)
evaluation of hemolysis test. 
Alternatives to Animal Testing and Experimentation (AATEX) 3, 146-153

Okamoto, Y., Ohkoshi, K., Itagaki, H., Tsuda, T., Kakishima, H., Ogawa, T., Kasai, Y., Ohuchi, J., Kojima,
H., Kurishita, A., Kaneko, T., Matsushima, Y., Iwabuchi, Y. and Ohno, Y. (1999)

https://ecvam-dbalm.jrc.ec.europa.eu/methods-and-protocols/method-summaries page 8 / 10 

© ECVAM DB-ALM: Method Summary 

http://www.oecd-ilibrary.org/environment/test-no-405-acute-eye-irritation-corrosion_9789264185333-en
http://www.oecd-ilibrary.org/environment/oecd-guidelines-for-the-testing-of-chemicals-section-4-health-effects_20745788
https://ecvam-dbalm.jrc.ec.europa.eu/methods-and-protocols/method-summaries


Interlaboratory validation of the in vitro eye irritation tests for cosmetic ingredients. (3) Evaluation of
the haemolysis test.
Toxicology In Vitro 13, 115-124

Pape W. J. W., and Hoppe U. (1990)
Standardisation on an in vitro red blood cell test for evaluating the acute cytotoxic potential of tensides.
Arzneimittel-Forschung / Drug Research; Publikationsorgan der Paul- Ehrlich- Gesellschaft für
Chemotherapie 40, 498-502

Pape W.J. and Hoppe U. (1991)
In vitro methods for the assessment of primary local effects of topically applied preparations.
Skin Pharmacology 49(3), 205-212

Pape W.J.W., Pfannenbecker U. and Hoppe U. (1987)
Validation of the red blood cell test as an in vitro assay for the rapid screening of irritation potential of
surfactants.
Molecular Toxicology 1, 525-536

Pape, W.J.W., Pfannenbecker, U., Argembeaux, H., Bracher, M., Esdaile, D.J., Hagino, S. and Lewis, R.W.
(1999)
COLIPA validation project on in vitro eye irritation tests for cosmetic ingredients and finished products
(Phase I): The red blood cell test for the estimation of acute eye irritation potentials. Present status.
Toxicology In Vitro 13, 343-354

Pape, W.J.W., Pfannenbecker, U., Argembeaux, H., Bracher, M., Esdaile, D.J., Hagino, S., Kasai, Y. and
Lewis, R.W. (1999)
Colipa validation project on in vitro eye irritation tests for cosmetic ingredients and finished products
(phase I): the red blood cell test for the estimation of acute eye irritation potential - the present status.
Proceedings of the Second International Scientific Conference organised by The European Cosmetic
Industry, Brussels, Belgium, 1999. Colipa, The European Cosmetic, Toiletry and Perfumery Association.
Alternatives to Animal Testing II, 211

Salvati, A.M. and Tentori, L. (1981)
Determination of aberrant hemoglobin derivatives in human blood.
Methods in Enzymology 76, 715-731

Schlede E. and Gerner I. (1995)
The Draize eye test and progress in development and acceptance of alternatives to this test in Europe.
In: The World Congress on Alternatives and Animal Use in the Life Sciences; education, research, testing;
[held in Baltimore on November 14-19, 1993]; Serialtitle: Alternative methods in Toxicology and the life
sciences. Volume 11, 333-336

Secchi A. and Deligianni V. (2006)
Ocular toxicology: the Draize eye test.
Current Opinion in Allergy and Clinical Immunology 6(5), 367-372

Shadduck J.A., Render J., Everitt J., Meccoli R.A. and Essex-Sorlie D. (1987)
An approach to validation: Comparison of six materials in three tests.
Alternative Methods in Toxicology 5, 75-78

Simón, G.G., Cantero, L.A., Castro, N.F., Fuentes, D.D.L., Alfonso, A.P. and García, A.V. (2000)
Ensayos toxicológicos alternativos realizados a productos cosméticos.
Alimentaria 312, 29-32

Singleton, B.C., Libretto, S.E., Sibley, R.R., Mifsud, C.V.J. and Andrews, C.M. (1994)
An in vitro haemolysis test as an alternative to the Draize test for ocular irritation.
4, 49-54

Sugai S., Murata K., Kitagaki T. and Tomita I. (1991)
Studies on eye irritation caused by chemicals in rabbits. III. An in vitro testing method using rat red
blood cells for the prediction of eye irritation potential of chemicals.
Journal of Toxicological Sciences 16, 131-144

Sugai, S. and Murata, K. (1992)
Investigation of the in vitro evaluation method of eye irritation potential using rat red blood cell.
Fragrance Journal / Fureguransu Janaru 20, 47-54

Vinardell, M., Gonzalez, S., and Infante, M. (1999)
Adaptation of hemoglobin denaturation for assessment of ocular irritation of surfactants and
manufactured products.
Journal of Toxicology - Cutaneous and Ocular Toxicology 18, 375-384

https://ecvam-dbalm.jrc.ec.europa.eu/methods-and-protocols/method-summaries page 9 / 10 

© ECVAM DB-ALM: Method Summary 

https://ecvam-dbalm.jrc.ec.europa.eu/methods-and-protocols/method-summaries


Zentralstelle zur Erfassung und Bewertung von Ersatz- und Ergänzungsmethoden zum Tierversuch
(ZEBET); BfR (2001)
The red blood cell haemolysis and protein denaturation test (RBC test) as an in vitro alternative assay to
the in vivo rabbit eye irritation test. Method no. 30
ZEBET Website: http://www.bfr.bund.de/cd/1591 (as of 11 May 2006)

de Silva O., Cottin M., Dami N., Roguet R., Catroux P., Toufic A., Sicard C., Dossou K. G., Gerner I.,
Schlede E., Spielmann H., Guata K. C. and Hills R.N. (1997)
Evaluation of eye irritation potential: statistical analysis and tier testing strategies.
Food and Chemical Toxicology 35, 159-164

Last update: January, 2010

https://ecvam-dbalm.jrc.ec.europa.eu/methods-and-protocols/method-summaries page 10 / 10 

© ECVAM DB-ALM: Method Summary 

https://ecvam-dbalm.jrc.ec.europa.eu/methods-and-protocols/method-summaries

