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DB-ALM Method Summary n° 96 : Hen's Egg Test on the Chorioallantoic Membrane
(HET-CAM)

Eye Irritation

The chorioallantoic membrane of a fertilized hen’s egg serves as an organotypic model of the
conjunctival response in the two HET-CAM protocols available from the DB-ALM. Haemorrhage, vessel
lysis, and coagulation are indicative of the potential ocular irritancy of compounds when applied on the
surface of the membrane.

The HET-CAM is an assay to study the acute irritative effect of a chemical on mucous ocular tissue
designed to replace the Draize rabbit eye irritation test (OECD TG 405, 2012 and Method B.5 of Annex to
Commission Regulation 440/2008/EC, EU 2008). The HET-CAM is accepted in France, Germany, The
Netherlands and the UK for the classification of severe irritants (EU, 2008, 2nd) by regulatory authorities
(Eskes et al., 2005).

The HET-CAM, initially developed by Lupke (1985) (HET Huhnerei Test), is an in ovo alternative
designed to replace the Draize rabbit eye irritation test (Lipke 1985). The CAM is a vascular fetal
membrane composed of the fused chorion (outermost sac containing the embryo) and adjacent wall of
the allantois. The CAM is composed of three layers: the ectodermal layer (three cells thick), the
mesodermal layer (containing blood vessels, connective tissue, and ground substance), and the
endodermal layer (composed of squamous cells). The endpoints observed in most studies are
haemorrhage, vessel lysis, and coagulation (DB-ALM Protocols No. 47 and 96). Other endpoints used by
some authors are hyperaemia (increased blood flow), vasoconstriction, vascular injection (mild
haermorrhage) (NICEATM, 2006). It is assumed that the avian chorioallantoic membrane in vitro
represents a model to analyse effects induced by chemicals that in vivo are observed at the conjunctivae
(in mammals). It is therefore supposed that the adverse effects induced in the small blood vessels and
proteins of the CAM are similar to the conjunctival responses elicited by irritants (ZEBET Method No. 25
and Zebet Method No. 262). The hen's egg test is essentially an in vivo test, but a developing organism is
used at a stage, at which it is considered incapable of feeling any pain, because nerve tissue and pain
perception have not yet been developed at this time in embryogenesis (Rosenbruch, 1996).

Biological and Endpoint Measurement:

COAGULATION: recording macroscopically the appearance time in seconds
HAEMORRHAGE: recording macroscopically the appearance time in seconds

LYSIS OF BLOOD VESSELS: recording macroscopically the appearance time in seconds

Experimental System:

CHORIOALLANTOIC MEMBRANE (CAM) (chicken egg): hen's egg CAM at day 10 after fertilisation

According to the original procedure from Liipke (1985) fertilized eggs from White Leghorn Shaver
Starcross 288 are incubated in an incubator (37°C and 60-70% relative humidity) for ten days. Eggs are
rotated for the first eight days to prevent attachment of the embryo to one side of the egg.

On the 9th day only eggs with an emergent embryonal vascular system are used for further testing. The
eggs are replaced in the incubator with the large (blunt) end upwards and are not rotated any more.

On the 10th day eggs are used for the assay. The airspace of the eggs is marked and the section of shell is
removed carefully. After cautious removal of the inner egg membrane, the vital vascular chorioallantoic
membrane is moistened with 0.9% NaCl solution (37°C). A single dose of 0.3 ml of the test substances and
the control substances respectively is applied onto the chorioallantoic membrane (of six eggs) and the
effects are observed for 5 minutes with a computer program containing a chronometer. In the case of
solid test material 0.1 g of the test substance is applied on the CAM and irrigated after 20 seconds with
warm water. The manifestation of the different observation endpoints is recorded in seconds.

It is strongly recommended that the test should be carried out with an internal reference substance
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(DB-ALM Protocol No. 96; Balls et al., 1995). DB-ALM Protocol No. 96 proposes “Texapon ASV” (sodium
magnesium lauryl-myristyl-6-ethoxysulfate) with different active substance contents (e.g. 0.5% in water
inducing weak haemorrhage and lysis). These references serve as test system control and as reference for
the irritation index. Different negative controls are proposed, mainly 0.9% NaCl solution, distilled or
sterilized water, agarose, and vegetable oil (e.g. olive oil, DB-ALM protocol No. 47). As positive controls
serve: 0.1%-1% SLS, 0.1M NaOH, 0.01%-100% benzalkonium chloride, 0.1%-100% dimethylformamide,
and 0.1%-100% imidazole. Usually three endpoints are used for evaluation in the HET-CAM. In most
studies haemorrhage and coagulation together with one of the above mentioned endpoints. NICEATM
(2004) recommended the use of haemorrhage, coagulation and vessel lysis, mainly based on experiences
made in the German evaluation study (Spielmann et al., 1997).

SOP's available in DB-ALM:
Protocol No. 47: "HET-CAM Test"
Protocol No. 96: " Hen's Egg Test on the Chorioallantoic Membrane (HET-CAM)"

A variety of different scoring systems and prediction models have been proposed concerning the
HET-CAM evaluation. Lipke (1985) initially used a scoring system which was based on the time to
observation of the three endpoints hyperaemia, haemorrhage, and coagulation and combined the
individual scores for each endpoint to a cumulative score with a range from 0 to 21.

There are two prediction models for the HET-CAM test based on the time until the appearance of the
effects for the various monitored endpoints. The first model is based on the calculation of an irritation
score (IS). The first appearance of the three endpoints (H= time to appearance of haemorrhage, L= time
of appearance of vascular lysis; C= time of appearance of coagulation) is recorded in seconds (sec) and
these numbers are multiplied with factors 5, 7, and 9 according to the formula below to calculate the IS,
which can reach 21 at the maximum.

IS = (301 - H) -5/300 + (301 - L) -7/300 + (301 — C) - 9/300
Irritancy classification based on IS (NICEATM, 2006):

HET-CAM irritation score range Irritation category
0-0.09 non-irritant
1-4.9 weak or slight irritation
5-8.9 or 5-9.9 moderate irritation
9-21 or 10-21 strong or severe irritation

The second mathematical model is the (reaction-time-method) Q-Score. The evaluation of the irritation
potential is determined by comparing the irritation index of a test substance with that of the reference
substance 5% Texapon ASV (sodium magnesium lauryl-myristyl-6-ethoxysulfate). The Q-Score is the
ratio of the irritation score (e.g. the IS) of the substance divided by the irritation score of the reference
substance.

Irritation classification of Q-Scores used in irritancy classification (based on Balls et al., 1995 and
Brantom et al., 1997):

Q-ScoreRange(a) Q-ScoreRange(b) Irritation category
<15 - non-irritant
- <08 slight irritant
15=Q<2 08<Q<12 moderate irritant
- 12=Q<2 Irritant
2 22 severe irritant
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(a) from Balls et al. (1995)
(b) from Brantom et al. (1997)

For non-transparent substances, an endpoint assessment (effect assessment after a fixed exposure
period) is undertaken and evaluation is carried out using the S-Score (severity score) model. The
S-Score represents the highest total score for any endpoint (haemorrhage, vessel lysis, or coagulation)
evaluated for a test substance. The score for each endpoint at a user-defined time point is ranged
between 0 and 3 (0=no reaction; 1=slight reaction; 2=moderate reaction; 3=severe reaction). The S-Score
for each endpoint is totalled for all the replicate eggs per test substance to produce the endpoint total
score. Therefore, there are three endpoint total scores per test substance. The endpoint that yields the
highest score is used as the final test substance end score. (e. g. if six eggs are used the maximal S-Score

is 18).

Irritation classification of S-Scores used in irritancy classification (based on Balls et al., 1995 and

Brantom et al., 1997):

S-ScoreRange(a) S-ScoreRange(b) Irritation category
<6 - non-irritant
- <6 slight irritant
6=S<15 6=S<12 moderate irritant
- 12<S<16 Irritant
215 =16 severe irritant

(a) from Balls et al. (1995)
(b) from Brantom et al. (1997)

According to NICEATM (2004) there are some studies using the combination of IS value and the
threshold model ITC (defined as the lowest concentration required to produce a slight or weak response
on the CAM) to evaluate the irritation potential of a test substance.

Pesticides, cosmetic ingredients, surfactants, surfactant-based formulations, and consumer products.

If a non-transparent substance hinders continuous observation of the CAM, an evaluation at a specified
time-point (endpoint model, see below) is recommended (DB-ALM Protocol No. 96; Balls et al., 1995).
After application, a chronometer is started and after three minutes the test substance is carefully rinsed
off the CAM with physiological saline. Any blood that might already be present is also rinsed off. In order
to avoid weak haemorrhage to be overlooked, the CAM should be assessed 30 seconds after rinsing
(DB-ALM Protocol No. 96). The same modification of the protocol is proposed if a test substance cannot
be dissolved in water, or if a turbid substance (e.g. suspension) is to be tested (Balls et al., 1995).

If the test substance is a paste, it can be applied with the help of a plastic film (e. g. parafilm), on which a
thin layer of the paste is spread out. The film is placed onto the egg and removed at the end of the
exposure period (DB-ALM Protocol No. 96).

If the test chemical is an insoluble solid substance, approximately half of the CAM surface should be
covered with grains of the test substance for five minutes. Test chemicals are then carefully rinsed off the
CAM and endpoints are determined (DB-ALM Protocol No. 47).

Gilleron et al. (1996) propose the modification of the HET-CAM assay by introducing a TSA. This
applicator consists of a double Teflon ring in which a perlon mesh is locked. According to the authors
(Gilleron et al., 1996) the main advantage of the HET-CAM-TSA method is the improved reproducibility
of the method since the TSA makes rinsing redundant which is of particular importance using solid test
substances (Gilleron et al., 1996; Gilleron et al., 1997).

Alany et al. (2006) introduced a modified HET-CAM by investigating the same endpoints as in the original
publication (Luepke 1985), but the formation of the CAM develops in a growing chamber and not inside
the egg. To this end, the shells are removed at day 3 and the egg is poured into the growing chamber. In
analogy to the HET-CAM investigations take place at day 10. The author proposed this modification to
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have a better access to the CAM for application and observation (Alany et al., 2006).

Other CAM-based methods using the chicken CAM are the CAMVA and the CAM-TBS (see method
summaries for these tests).

Lipke (1985) developed the first protocol for the HET-CAM assay, while now several established versions
and prediction models are used in different laboratories (DB-ALM Protocol No. 46, No. 96). In Europe,
the HET-CAM test is now one of the most widely used organotypic assays. It is a fast, inexpensive, and
sensitive test (LUpke and Wallat, 1987; de Silva et al., 1992). The technique is applicable to all types of
chemicals regardless to their physical properties (liquid or powder) (Gilleron et al., 1996; DB-ALM
Protocol No. 96).

The main modifications introduced by different laboratories concern the type of endpoint assessed,
exposure time and the used prediction model (Lipke 1985; Price et al., 1986; Kalweit et al., 1990; Demirci
et al., 2004; DB-ALM Protocols No. 47 and 96). For this reason, the comparison of results from different
laboratories is difficult and benchmark or reference substances are recommended for further evaluation
studies (NICEATM, 2006). Several researchers have argued that the scoring system of the HET-CAM test
lacks objectivity, because effect observation is subjective, which results in several problems (Hagino et
al., 1991; Vinardell and Garcia 2000; Lagarto et al., 2001). Lipke and Wallat (1987) remarked that the
investigator’s experience can have an influence on the test and the authors recommended reference
substances with well known irritation potencies and photographies of standard reactions.

The in vivo — in vitro correlation is particularly precise in the range of mild and non-irritating test
materials such as surfactants and surfactant-based formulations. Measurements on solid, insoluble or
sticky materials have been proved difficult with the HET-CAM assay (Hagino et al., 1999; Spielmann et
al., 1997). Also some pigments or coloured substances (like Acid Red 92) cause interference by staining
the chorioallantoic membrane (Hagino et al., 1999). Balls et al. (1995) (EC/HO validation study)
mentioned that it is not clear in which cases the reaction time method (Q-scores), respectively the
endpoint model (S-scores) should be used. In addition, there is no information published how data
produced with these two methods should be compared (Balls et al., 1995). The authors also remarked
that there is no information given how results should be compared if different dilutions are used (Balls et
al., 1995).

The within-laboratory repeatability and between-laboratory reproducibility of the HET-CAM assay was
shown to be high (Lipke and Wallat, 1987; de Silva et al., 1992; Spielmann et al., 1996; Ohno et al., 1994;
Ohno et al., 1999). The in-house prevalidation study conducted by Steiling et al. (1999) covered a range of
chemicals of the cosmetic industry and was performed to improve the SOP and the prediction model of
the HET-CAM in advance to the following COLIPA validation study. The authors (Steiling et al., 1999)
could show a high concordance of the HET-CAM results with in vivo data from the Draize eye irritation
test, especially for slightly irritating substances. The assay has been assessed already in several validation
studies (EC/HO study, COLIPA study, CTFA evaluation, IRAG study, MHW/JCIA study, OPAL study), but
failed to fulfil the criteria to be used for the full set of test substances as a replacement of the Draize eye
irritation test (Balls et al., 1999; Spielmann et al., 1997). The authors from the BMBF/BGA study, carried
out in Germany between 1988-1994, concluded that chemicals can be classified as severe irritants by the
combined use of the HET-CAM test and the 3T3 NRU/KB assay (Balls et al., 1999).

Since 1992, the German authorities have accepted the use of HET-CAM data for the classification of R41
chemicals in the notification of new industrial chemicals (Worth and Cronin 2001). Besides, the
HET-CAM is accepted for classifying severely irritating materials according to the European directives of
labelling dangerous substances by regulatory authorities in Germany, France, The Netherland, and the
UK (Eskes et al., 2005). According to IRAG Working Group 2 (CAM-based Assays) the HET-CAM assay
gives best prediction with surfactants and surfactant-based formulations (Spielmann et al., 1997).

In 2003, a retrospective validation on organotypic in vitro assays was initiated by ICCVAM/NICEATM in
collaboration with ECVAM. According to the NICEATM BRD document further optimization of the
HET-CAM protocol and additional validation studies are recommended prior to a routinely use of the
HET-CAM as alternative method for identifying ocular corrosives and severe irritants (NICEATM, 2004).
The ICCVAM/NICEATM Expert Panel (2005) stated in their report that HET-CAM, using the decision
criteria of Lipke (1985) “may have limited utility for the identification of severe ocular irritants and/or
corrosives, although it may be useful for the identification of mild or moderate irritants”
(ICCVAM/NICEATM Expert Panel, 2005). A retrospective analysis was recommended by the Panel to
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determine if other decision criteria increase accuracy and reliability of the test. Eskes et al. (2005)
emphasised the need for a standardised test protocol and an optimised prediction model to complete
the validation of the HET-CAM. With regard to the conclusions obtained by the ICCVAM retrospective
validation, ESAC concluded that the HET-CAM requires further analysis and/or improvements before a
final statement regarding its validity for the identification of severe eye irritants (R41) (ESAC statement
27.04.2007).

A retrospective evaluation is planned by ECVAM for the identification of mild and non-irritating test
substances in the HET-CAM assay.

Sequential testing strategy outlined in OECD TG 405 (2012) and endorsed by EU Test Methods Regulation
EC No0.440/2008 (method B.5; EU, 2008, 2 nd) recommends the use of validated and accepted in vitro and
ex vivo assays for skin and ocular irritation/corrosion classification. No further animal experiments are
necessary to justify a positive result. Only in case of inconclusive results, a subsequent in vivo test will be
needed.

BMBF: Bundesministerium flr Bildung und Forschung

BGA: Federal Public Health Department

BRD: Draft Background Review

CAM: ChorioAllantoic Membrane

CAMVA: ChorioAllantoic Membrane Vascular Assay

COLIPA: European Cosmetic, Toiletry and Perfumery Association
CTFA: Cosmetics, Toiletries and Fragrance Association

EC: European Commission

ECVAM: European Centre for the Validation of Alternative Methods
ESAC: ECVAM Scientific Advisory Committee

EU: European Union

HET-CAM: Hen’s Egg Test on the ChorioAllantoic Membrane

HO: British Home Office

ICCVAM: Interagency Coordinating Committee on the Validation of Alternative Methods
IRAG: US Interagency Regulatory Alternatives Group

IS: Irritation Score

JCIA: Japanese Cosmetic Industry Association

KB: Kenacid Blue

MHW: Ministry of Health and Welfare

NICEATM: National Toxicology Program, Interagency Center for the Evaluation of Alternative
Toxicological Methods

NRU: Neutral Red Uptake

OECD: Organisation for Economic Co-operation and Development
SLS: Sodium Lauryl Sulphate

SOP: standard Operating Procedure

TBS: Trypan Blue Staining

TG: Test Guideline

TSA: Test Substance Applicator

UK: United Kingdom

US: United States

ZEBET: The Centre for Documentation and Evaluation of Alternatives to Animal Experiments, Germany
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