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Introduction n 
1.1.. Aim 
Hazardd identification is an important issue for chemicals released on the market. 
Importantt hazards are the possibility that compounds may cause irritant or allergen 
contactt dermatitis. Skin irritants are currently assessed with the Draize test on 
rabbits,, requiring 3 to 6 rabbits per compound l. Contact allergens are currently 
assessedd with the guinea pig maximisation test (GPMT) or the local lymph node 
assayy (LLNA) . The GPMT requires 24 to 32 guinea pigs and the LLNA requires 16 
too 30 mice per chemical2. There are considerable pressures, ethical and legislative, 
too develop alternative models for risk assessment which do not need animals (see 
nextt section). The subject of this thesis is the development of such alternatives for 
thee screening of skin irritants and contact allergens. 

1.2.. Ethical and legal background 
Inn 1859, Charles Darwin published 'The Origin of Species' and suggested an 
evolutionaryy relationship between man and animals. His book provided a 
biologicall  rationale on the use of animal experiments for human biomedics and 
toxicology.. Six years later, Claude Bernard wrote 'Introduction a Vétude de la 
medicinemedicine experimentale', which proclaimed the use of animals for experimental 
science.. The use of animal experiments has been a great help for the progress of 
medicall  and toxicological research. This has lead to an increase of the number of 
animalss used for experiments to a maximum of 1.5 million in 1978 in The 
Netherlands.. In 1993 the number had decreased to 780,000 due to laws, education, 
ethics,, dialogue with animal protection organisations, and the development of 
alternatives.. More than three quarters of the test animals are mice and rats. Almost 
25%% of all experimental animals are used for pharmaceutical research, about 21% 
forr biologicals (three quarters of these for quality control), 10% for cancer 
research,, and about 8% for toxicology, and the rest for different kinds of research, 
diagnostics,, experimental surgery, education, etc.3'4. 
Productt safety is an important ethical issue. For this purpose guideline 67/548/EEC 
hass introduced registration codes, e.g. R34, R35, R38 and R43 to label dangerous 
compounds.. The codes R34 and R35 label corrosive chemicals and severe 
corrosives,, respectively. Code R38 classifies chemicals as causing skin irritation. 
Thee code R43 classifies chemicals as a putative cause of skin allergy. The code NC 
iss used for compounds 'not classified' by a registration code. The EC also provides 
guideliness for assessment of registration codes to chemicals. Preferably chemical 
classificationn is assessed by validated test methods, but many of the current test 
methodss are only selected on historical grounds. 
Inn 1959, Russell and Burch wrote 'The Principles of Humane Experimental 
TechniqueTechnique 5, which introduced ethics into laboratory animal research for a broad 
audiencee 34. These principles can be summarised by the three Rs, Replacement, 
Reductionn and Refinement. The aim of these three Rs is not to abolish animal use 
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forr experiments, but to minimise animal suffering, while maintaining the scientific 
valuee of the experiments 6. The definition of an alternative test is then: "all 
proceduress which can completely replace the need for animal experiments, reduce 
thee number of animals required, or diminish the amount of pain or distress by 
animalss in meeting the essential needs of man and other animals" 7. Replacement 
alternativess mean that an in vivo animal test is completely replaced by an 
alternativee test that permits the achievement of a given purpose, without 
conductingg experiments or other scientific procedures on animals 8. Thus any test 
orr procedure which meets the essential needs for a study but does not include 
animall  suffering, can be regarded as a replacement alternative. Reduction 
alternativess mean that less animals are used to achieve the same scientific result. 
Refinementt alternatives are methods which alleviate or minimise potential pain 
sufferingg and distress, and which enhance animal well being. 
Thee Declaration of Helsinki (1964) was designed to provide recommendations to 
guidee physicians in biomedical research involving human subjects. At the 3rd 
worldd congress on Alternatives and Animal Use in the Life Sciences (1999) it was 
proposedd to amend the Declaration of Helsinki. The amendment proposes tot limit 
limi tt animal experimentation to those that are necessary, relevant and reliable for 
theirr stated purposes 9. Most countries have laws to regulate the use of animal 
experimentation.. The Netherlands have two laws regulating the use of living 
vertebratee animals for all kinds of biomedical and toxicological research, namely 
WetWet op dierproeven (1977; modified in 1995) and Dierproeven besluit (1985). The 
principless of the three Rs are implemented in these laws 4. Moreover, The 
Netherlandss has prohibited animal experimentation for cosmetics in 1997, and this 
bann is due to become an EU wide ban in 2009. Thus besides laws requiring safety 
testingg by using animal experimentation, there are laws limiting the use of animal 
experimentss by requiring alternative methods I0. 

1.3.. Biomedical background 
SkinSkin biology. The skin covers the outside of mammalian bodies to protect against 
waterr loss, physical, chemical and biological stress. It also plays an important role 
inn heat regulation, excretion of various substances, synthesis of vitamin D and 
transmissionn of several stimuli (pain, pressure, temperature and touch). The skin is 
comprisedd of a stratified epidermis at the outside and an underlying dermis (Figure 
1.1a).. These are separated from each other by the basal membrane. The dermis is 
oftenn divided into two layers, in the epidermal ridges is the papillary dermis, and 
underneathh the reticular dermis. Food supply and immune cells enter the epidermis 
throughh arteria and capillaries in the papillary dermis, and waste products and 
immunee cells leave again in the papillary dermis using capillaries and venae or 
lymphh vessels. The dermis consists of fibroblasts, which make connective tissue 
withh collagen and, in the reticular dermis, also elastic fibres to maintain skin 
strengthh and elasticity. The dermis contains many blood vessels. Besides feeding 
(epi)dermall  cells, these blood vessels are important in skin immunology and 
warmthh regulation. Below the reticular dermis is a fatty layer, the subcutis, 
underneathh the subcutis is the internal body n. 
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Figuree 1.1. (A) Overview of the skin. 1 epidermis; 2 dermis; 3 subcutis; 4 hair follicle; 5 Sebaceous 
gland;; 6 Sweat gland. (B) Overview of the epidermis. 1-2 horn layer, it grows from layer 2; 3-5 
differentt layers of keratinocytes: the keratinocytes in layer 5 (stratum basale) divide, and push the 
otherr keratinocytes upwards towards layer 4 (stratum spinosum) and finally layer 3 (stratum 
granulosum)granulosum) where the keratinocytes are flattened and contain the granules that will be form the horn 
layer;; 6 basale membrane. 
Picturess taken from http://www.ccunix.ccu.edu.tw/~chenmsl/tea/SKIN_910721.htm. 

Skinn epidermis consists of keratinized squamous epithelial tissue (Figure 1.1b). 
Justt above the basal membrane in the stratum basale are basal keratinocytes, which 
aree capable of dividing, and take care of epidermal growth. Due to the increase in 
number,, cells will be moved upward to the stratum corneum. The layer above the 
stratumm basale is the stratum spinosum, keratinocytes in this layer have a cubic 
shapee and are attached to each other with desmosomes. Above the stratum 
spinosumm lies the stratum granulosum. These cells are flattened, polygonal and 
havee flattened, pycnotic nuclei. Gradually the stratum granulosum becomes the 
stratumm lucidum, if visible, and finally the top layer, stratum corneum or horn 
layer.. Cells in this layer do not have nuclei, are flat and completely filled with 
keratin.. Keratin provides a very good protection against damage, drying out and 
bacteriall  infections " . 
Thee skin protects the body against water loss and all kinds of external stresses. For 
thiss purpose, the skin consists of a number of barriers. The outer barrier is the horn 
layer,, consisting of dead keratinocytes filled with keratin. A second barrier lies in 
betweenn the viable keratinocyte layers. Keratinocytes are connected to each other 
withh desmosomes, which consist of protein fibers. A desmosome is built by two 
neighbouringg cells to attach these together and providing a barrier. The third line of 
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defencee is the basal membrane, which forms a barrier between the epidermis and 
thee dermis. This is partly built by basal keratinocytes which attach their part of a 
desmosomee (hemidesmosome) to the basal membrane. In the dermis special forms 
off  collagens (e.g. collagen type IV) are synthesized by dermal fibroblasts; these 
collagenss function as the counterpart of the basal membrane. Interactions between 
dermall  collagens and epidermal hemidesmosomes, integrins and other proteins are 
thee bases for a solid basal membrane barrier. 
Besidee keratinocytes, the epidermis also contains melanocytes, Merkel cells and 
Langerhanss cells. Melanocytes are located between the keratinocytes of the stratum 
basalee and the stratum spinosum. Melanocytes are dendritic shaped cells with oval 
nuclei.. The melanocytes produce melanin, a pigment that determines skin colour 
andd protects against ultraviolet radiation. This pigment is injected by way of 
dendriticc processes into epidermal and hair cells. Merkel cells are tactile cells 
associatedd with nerve plates. They are embedded between the basal membrane and 
thee basal keratinocytes, and have desmosomes together with these cells. 
Epidermall  Langerhans cells are named after Paul Langerhans, and are structurally, 
ontogeneticallyy and functionally completely unrelated to the Langerhans islets 
containingg insulin-producing beta-cells in the pancreas. Langerhans cells (LCs) are 
dendriticc cells, which originate from the bone marrow and have migrated into the 
epidermis.. In the epidermis, LCs cell will capture and process antigens, after which 
theyy migrate to the draining lymph node to induce immune responses. 
ContactContact eczema. Eczema is a distinctive pattern of inflammatory response of the 
skin,, and is characterized histologically by spongiosis (intercellular oedema) and 
clinicallyy by vesicle formation. In time the different stratae will thicken in 
sequencee of their generation, i.e. stratum spinosum (acanthosis) in the subacute 
phase,, followed by the stratum granulosum (granulosis), and the stratum corneum 
(hyperkeratosis)) in the chronic situation. Eczema and dermatitis are often regarded 
ass synonymous. Eczema can be caused by endogeneous or exogenous factors 
actingg singly or in combination. Endogenous eczemas include atopic dermatitis 
(IgEE mediated), seborrhoeic dermatitis, nummular eczema, pompholyx, pityriasis 
alba.. Exogeneous eczema includes infective dermatitis and both irritant and 
allergenn contact dermatitis n. Exposure of the skin to chemicals causes 
occupationall  (contact) dermatitis, which is the most frequent occupational health 
problemm 11,12. Development of new substances and new formulations, e.g. for 
cosmeticc use, increases the number of chemicals that may cause contact dermatitis. 
Thiss number may be as high as 2,000 new chemicals per year. Proper assessment 
off  chemicals as putative causes of skin problems may lead to regulation that 
minimizess exposure and thus discomfort. 

Skinn irritants and contact allergens can induce contact dermatitis or eczema. Skin 
irritantss cause inflammation by a toxicological mechanism. Allergens invoke an 
immunee response only after sensitisation. In clinical practice this means that any 
exposuree to a strong irritant causes eczema, but the reaction wil l differ from person 
too person after exposure to a weak irritant. Contact allergens only cause eczema 
whenn an individual has been sensitized by sufficient previous exposure 13,14. 
Regulatoryy guidelines, like those from the European Union 15, require that 
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informationn on the irritancy or allergenicity of chemicals is provided for new 
substancess and, increasingly, for existing substances. 
SkinSkin irritation. Irritant contact dermatitis (ICD) accounts for about 70% of the 
contactt dermatitis cases, and is thus a more common problem than allergic eczema 
16.. In clinical praxis, both causes of dermatitis look very much alike. Five different 
typess of irritant dermatitis have been classified: 
II  - acute irritant contact dermatitis, due to contact with a powerful irritant; 
III  - irritant reaction and cumulative irritant dermatitis. This is the most common 

formm and often occurs in people who do repetitive wet work (nurses, 
hairdressers,, bar personnel); 

II II  - delayed acute irritant contact dermatitis, due to irritants that cause an acute 
reactionn after a delay of 8 to 24 hours (e.g. dithranol, podophyllin, 
epichlorhydrin); ; 

IVV - mechanically induced irritant contact dermatitis, due to (repetitive) skin 
damagee by mechanical forces; 

VV - pustular and acneiform dermatitis. Pustules, papules and coedone can be 
formedd by contact with metals, cutting oils (used as coolants in metal work), 
greasess and tar 12. 

Mostt often ICD is caused by chemicals, but it may also be caused by sunburn, 
mechanicall  or physical damage. Known groups of skin irritants are water (after 
repeatedd exposure), skin cleansers, detergents, alkalies, acids, many oils, many 
organicc solvents, oxidizing agents, reducing agents, topical medicaments, as well 
ass plant and animal products. As many different types of chemical may induce skin 
irritation,, they initiate inflammation by diverse mechanisms, which depends on the 
physicochemicall  properties of the irritant and the circumstance of exposure. Skin 
irritationn is a toxic insult of the skin. Two main mechanisms of skin irritation exist. 
Somee irritants destroy the horn layer, so that the epidermal cells come in direct 
contactt with the outer environment. Loss of the horn layer leads to increased water 
losss and / or increased penetration of irritant substances. Next in direct contact with 
thee keratinocytes, these compounds are toxic. Disruption of the stratum corneum 
integrityy and barrier function is measured in tests for corrosives. 12'13. The same or 
otherr chemicals penetrate through the horn layer and are toxic for the 
keratinocytes.. The skin damage induces the secretion of chemokines and other 
cytokiness which attract inflammatory cells leading to a cutaneous inflammation. 
Thiss can be done by (a) disruption of cellular membranes in the (epi)dermis leading 
too synthesis of proinflammatory prostaglandins etc. (b) Perturbation of 
keratinocytess leading to the release of proinflammatory cytokines, and (c) 
cytotoxicityy leading to release of mediators/tissue destructive enzymes etc 12,13 A 
third,, but rare, mechanism in ICD is the direct effect on dermal blood vessels and 
celll  surface adhesion molecules leading to an inflammatory infiltrate 12. The 
thresholdd for skin irritancy may vary significantly depending on the individual 
tested.. Using human volunteers, the lowest SDS concentration causing skin 
irritancyy can vary from 0.1% to more than 20% 17. This variation may be explained 
byy differences in composition of the human stratum corneum 18. 
SkinSkin immunology. Dendritic cells and memory and effector leukocytes are the only 
immunee cells that enter the skin. Immunity to skin antigens is acquired in lymphoid 
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organss outside of the skin, i.e. the draining lymph node. From a skin 
immunologicall  point of view, these lymphoid structures are part of the skin 
immunee system. Antigen presenting cells (APCs) wil l migrate from the skin to the 
drainingg lymph node to induce an immune response. Two types of antigen 
presentingg cells (APCs) exist, professional and non-professional, and both types 
APCss may restimulate lymphocytes. Only professional APCs can stimulate naive 
lymphocytess 19. Dendritic cells (DCs) are the only professional APCs. Their 
precursorss originate from bone marrow and migrate to peripheral organs, e.g. skin, 
wheree they differentiate to immature dendritic cells (immature DCs; iDCs)20, with 
tissues-specificc markers. Upon activation, iDCs become activated, maturate and 
migratee through lymph vessels to the draining lymph node. In the lymph node, 
maturee DCs (mDCs) encounter large numbers of naive lymphocytes to activate the 
raree antigen-specific lymphocytes21~24. 
Al ll  somatic cells have major histocompatibility class I (MHC I) to present antigen. 
Besidess MHC I, APCs also have MHC II and often CD1 antigen presenting 
molecules.. All these molecules present antigens to the T cell receptor. MHC I 
presentt peptide antigens to CD8+ T cells, MHC II peptide antigens to CD4+ T cells. 
CD11 molecules present lipid antigens to either CD4+, CD8+ or double negative T 
cells.. The type I CD1 family consist of CD la, CD lb, CDlc and CDle, the type 
twoo family of CDld. Type I CD1 molecules can be found on different skin 
dendriticc cells, and present antigens from different cellular compartments. CD la 
sampless antigens from the recycling endosome, CDlc possible from the early 
endosome,, and CD lb from the acidified late endosome, where also MHC II resides 
25.. Skin DCs with different CD1 molecules will thus sample antigens from different 
cellularr compartments. LCs are unique DCs, that express much CD la, littl e CDlc, 
andd usually no CD lb 26~28. LCs are also unique in expressing Birbeck granules, 
whichh can be detected by the socalled lag and langerin antibodies 28,29. Birbeck 
granuless can be used to detect of LCs using electron microscopy. LCs can also be 
recognizedd by antigen presenting molecules such as MHC-II and CD la 
Langerhanss cells (LCs), named after Paul Langerhans, are DCs situated between 
thee keratinocytes of the epidermis. Human epidermis contains 450 to 730 LCs mm" 
2,, this is 2.9 to 4.7 % of all epidermal cells 30. Direct and indirect studies showed 
thatt migration of epidermal LCs in vivo causes increased proliferation of local 
lymphh node cells. 31"39. Remarkably, this relation was also found for skin irritants 
(e.g.. SDS), which suggests that proliferation of local lymph node cells does not 
necessarilyy imply that a state of immunity is generated. Dispite its used in many 
sensitizationn experiments, a contact hypersensitivity reaction against SDS has 
neverr been shown. Under steady state conditions, spontaneous migration of LCs 
occurs.. Spontaneous migrating LCs might be immature, and immature DCs cause 
tolerization.. Thus it has been suggested that homeostatic migration LCs are 
involvedd in maintenance of tolerance.4<M3 

ContactContact allergy. Contact allergy or allergen contact dermatitis (ACD) is a type IV 
orr delayed type hypersensitivity response, also known as contact hypersensitivity 
(CHS).. This disease was first studied in 1936 by Karl Landsteiner and John Jacobs 
4444.. Antibodies do not play a major role, but antibodies do play a major role in 
atopicc dermatitis, which is an IgE mediated or type I allergy. ACD requires the 
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inductionn of memory T cells by dendritic cells. ACD consists of two phases, the 
inductionn and the elicitation phase. In the induction phase, sensitization occurs, 
mostt often without clinical dermatitis. In general, an allergen is a reactive hapten. 
Thee hapten penetrates, and wil l bind to skin proteins forming a hapten-carrier 
complex.. By some means, possibly its reactive nature, the hapten also activates 
skinn DCs, most notably the LCs in the skin. The migration of LCs to the draining 
lymphh node is required to sensitize an individual, and thus crucial to the induction 
off  ACD. 
Agentss causing contact allergy are antimicrobial agents (e.g. phenoxyetanol, 
organicc mercury compounds, DNCB), anti-oxidants, balsams, perfumes, flavouring 
agentsagents and spices, clothes, cosmetics, many metals (e.g. nickel, chromium cobalt, 
gold)) explosives, formaldehyde, hydrazines, hyydroxyquinolines, oils, organic 
dyes,, pesticides. Photographic chemicals, many plastics, quarternary ammonium 
compounds,, rubber chemicals, tars, thiuramm sulphides, tars, turpentine, 
DifferencesDifferences and interrelation between skin irritants and contact allergens. It may 
bee very difficult to discriminate between ACD and irritant contact dermatitis (ICD) 
duee to the limited number of clinical differences (Table 1.1). Moreover, within 
bothh causes of contact dermatitis differences in clinical manifestation can be 
presentt due to different molecular mechanism of different agents, or agents in 
differentt concentrations. This makes it more difficult to discriminate between ACD 
andd ICD using molecular parameters, such as the measurement of cytokines. The 
majorr differences between these occupational diseases reside in the different 
mechanismsmechanisms causing the diseases. Irritation is caused by toxicity, whereas allergy is 
causedd by activation of the specific immune system. 
Toxicologicall  mechanisms generally show a strict dose-response reaction. In 
contrast,, most immunological reactions do not show a strict dose-response relation. 
Onee of the few exceptions is ACD, which is an immunological reaction, but shows 
aa strict dose-response curve in contrast to e.g. related DTH reactions in the skin. 
Althoughh mechanical differences between ACD and ICD exist, in practice contact 
eczemaa is often a combination of both. Irritation potentates and increases the ACD 
reaction.. Moreover, at least for one model allergen, irritation appears to be 
necessaryy to induce ACD45. 

Tablee 1.1. Comparing dermatitis due to immunogens, allergens, weak and strong irritants 

Cause e 

Personss affected 
Elicitationn after exp. 
Strictlyy dose related 
Reappearance e 
Passivee transfer (Ly) 
Healing g 
Earlyy cells 

DTHH immunogen 

few3 3 

0.5-33 weeks 
No o 
immunogenn contact 
Yes s 
slow w 
Mononuclearr cells 

contactt allergen 

few3 3 

11 -3 weeks 
Yes Yes 
allergenn contact 
Yes Yes 
sloww (1-2 weeks) 
Mononuclearr cells 

weakk irritant strong irritant 

feww everyone 
afterr rep. exposure 0-2 days 
yess yes 
variablee variable 
Noo No 
notnot prompt promptc 

PMNss or MNCs PMNs 

Dataa after 19103;a only sensitized persons; b depending on individual sensitivity for a certain agent; 
afterr avoid; ly = lymohocytes; MNCs = Mononuclear cells; PMNs = polymorphonuclear cells. 
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1.4.. Risk assessment of skin irritants 
Thee aim of risk assessment of skin irritants is to assess the risks for humans. Thus 
thee relevant reference data are the human data. For this purpose a human volunteer 
4-hourr patch test has been developed. This test is gradually built up from shorter 
exposuree to avoid strong irritant reactions 46'47. The protocol is designed to avoid 
thee production of more than mild irritant reaction and meets the highest ethical 
standards.. Chemicals that are allowed to be tested, should be known to be non-
corrosivee and without other toxicological or carcinogenic effects 12,48. In practice 
thiss means that many new chemicals cannot be tested on humans in vivo. 
Nevertheless,, sufficient data of the human 4-hour patch test exists to serve as 
referencee data for validating (alternative) tests assessing skin irritation. 
CurrentCurrent animal models. A large number of animals, especially rabbits, are still 
usedd to test the dermal irritancy of chemical compounds L. The most used animal 
testt to assess skin irritants is the Draize rabbit test. In the Draize rabbit test, the test 
chemicall  is applied to sites on the dorsal skin of three to six albino rabbits. This 
methodd gives a scaling for irritation in the primary irritation index (PII) score by 
gradingg erythema and oedema. A PII of < 2 is considered to be mild, 2-5 moderate, 
andd > 5 severe l. The Draize rabbit model has been shown to be a poor predictor of 
humann skin irritation hazard 12,49. For ethical reasons, the use of animal 
experimentss for skin irritation studies is not desirable. In the next sections, I will 
discusss briefly some alternative methods to assess skin irritants. 
TheoreticalTheoretical models to assess irritants. Quantitative structure activity relationship 
analysiss has been carried out on organic acids and bases, phenols, and neutral and 
electrophilicc chemicals to predict their skin irritation/corrosion potential  u. This computer 
modell  is capable of predicting hazard of chemicals having similar physiochemical 
propertiess of other compounds, which are known with regard to their skin 
irritation/corrosionn potential. 
AssessmentAssessment of skin irritants in vitro. Cultures of keratinocytes and / or fibroblasts, 
andd air exposed keratinocyte cultures (epidermal or skin equivalents) are used to 
studyy skin irritants. In some models the keratinocyte culture is differentiated in 
vitrovitro to generate a reconstituted human skin 50. Also intact skin may be used " . It 
shouldd be noted keratinocyte toxicity is observed very rapidly in in vitro 
reconstitutedd skin cultures, and that the results have a very limited predictivity 56"58. 
Limitedd differentiation of the stratum corneum, but also of epidermal barriers may 
bee the cause of this low toxicity threshold and low predictivity. 
Thee cells or reconstituted skin structures are exposed to the putative irritant and 
cutaneouss toxicity is measured to determine irritancy. In vitro assays for skin 
irritationn are based on markers of cell toxicity such as on reduction in cellular 
metabolism,, leakage from cells or the secretion of inflammatory cytokines ' " . 
However,, these markers of cell toxicity have disadvantages. Some irritants, like 
sodiumm dodecyl sulphate (SDS), can enhance cellular and mitochondrial metabolic 
function,, resulting in enhanced MTT metabolism 65. Other chemicals, such as 
cadmiumm chloride, can kil l cells without disrupting cell membrane integrity 
Moreover,, different skin irritants induce different patterns of cytokine synthesis 66. 
Corrosivee chemicals ans skin irritants can be screened by a functional measurement 
off  the skin barrier function, and especially that of the horny layer. A reduction 
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electricall  resistance of skin is tested by applying test material directly to a skin disc 
inin vitro for 24 hours. Loss of stratum corneum integrity and barrier function is 
measuredd as a fall in the trans cutaneous electrical resistance (TER). When this 
resistancee drops below a predetermined threshold the substance is regarded as 
corrosivee 12. A similar method using Trans Epidermal Water Loss can also be used 
too test corrosives or skin irritants 67'68. The methods in these tests detect the 
mechanismm of corrosive chemicals, and these methods may have very good 
predictivee value for corrosives I2'13. Corrosive chemicals are the most aggressive 
skinn irritants and can be assessed by testing skin barrier integrity. Since many 
irritantss have a different mechanism of toxicity,13 these methods may be less 
reliablee in assessing skin irritants. 
ComparingComparing skin irritation models. Alternative methods for assessing skin irritants 
aree compared in Table 1.2. Reliable assessment of skin irritants requires a human 

Tablee 1.2. Alternative methods for assessing skin irritants 

skinn model 
Normall  barrier present in model 
Irritationn is measured by: 
Theoreticall  possible to detect: 
strongg corrosive, rapid toxicity 
weakk corrosive 
non-corrosivee penetrating irritant 
Non-cytolyticc irritant 
Non-inflammatoryy irritant 
Toxicc metabolic enhancer 

Reconstitutedd skin 
--

MTT 2 2 

+ + 
+ + 
+ + 
+ + 
+ + 
--

--
NR/LDHH b 

+ + 
+ + 
+ + 
--
+ + 
+ + 

+ + 
MTT T 

+ + 
+/--
+ + 
+ + 
+ + 
--

+ + 
NR R 

+ + 
+/--
+ + 
--
+ + 
+ + 

OSS EC 
+ + 

cytokines' ' 

--
+/--
+ + 
+ + 
--
+ + 

intactt skin 
+ + 

RNA d d 

+ + 
+/--
+ + 
+ + 
+ + 
+ + 

+ + 
barrier r 

+ + 
+ + 
--

+/--
+ + 
+ + 

+,, either property present (normal barrier) or normal detection of skin irritant group; -, either property 
absentt (normal barrier) or no detection of skin irritant group; +/- intermediate property, or detection 
possibility.. a reduction in the metabolism of dimethylthiazol diphenyltetrazolium bromide (MTT); b 

uptakeuptake of neutral red (NR); leakage of lactate dehydrogenase (LDH); c cytokine or prostaglandin 
production;; d presence of RNA, assessed by pyronine staining;e measurement of skin barrier function 
byy trans epithelial electric resistance (TER) or trans epithelial water loss (TEWL). 

orr similar hairless skin and a reliable parameter of skin irritation, such as 
cytotoxicity.. A cytotoxicity test should be robust and detect cell death irrespective 
off  the pathway of toxicity. The methyl-green pyronine (MGP) staining is a reliable 
predictorr of toxicity. Organotypic skin explant cultures contain intact skin, of either 
humann or similar (in the case of the pig) composition. This may be an appropriate 
modell  to assess skin irritants. 

1.55 Risk assessment of contact allergens 
Allergicc contact dermatitis is a common skin disease that affects many people. 
ACDD is a hypersensitivity reaction that can be induced by many different chemicals 
andd substances. Contact dermatitis is caused by chemicals, which, for instance, are 
presentt in perfumes or soaps. ACD is best prevented by avoiding contact with the 
allergen.. So it is important to know if a chemical has a sensitizing effect. In order 
too screen chemicals for a sensitizing effect, several research models are being 
developedd or have already been developed. Since the aim is risk assessment for 
human,, human allergen data is the gold standard. Human allergen data come from 
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twoo different laboratory tests. The human maximisation test (HMT) is a deliberate 
attemptt to sensitize human against a chemical. After attempted sensitization the 
volunteerss are challenged by a non-irritating concentration. Skin reaction is 
monitoredd after 24 and / or 72 hours after challenge. If there is a skin reaction then 
thee compound is per definition an allergen. This test is only ethical if subsequent 
occupationall  exposure can be easily avoided for the volunteers, and if the safety of 
thee chemical is determined. The non-natural synthetic chemical dinitrochloro-
benzenee (DNCB) is an example of a sensitizer detected by the HMT. The other 
sourcee of human data are the human patch test allergens (HPTAs). HPTAs are 
chemicalss to which some people have been sensitized 'naturally' due to 
occupationall  exposure. In order to be positive in the HPTA a sensitizer must be 
usedd by humans in such a way that accidental sensitization may occur. The metal 
nickell  present in many metal alloys, and the perfume eugenol are examples of 
humann sensitizers detected as HPTAs. All chemicals positive in either the HMT or 
thee HPTA are considered to be human allergens. 
CurrentCurrent animal models to assess allergens. Currently, two animal tests exist to 
assesss contact allergens. Because different concentrations need to be tested, these 
testss use a lot of animals. The first is the guinea pig maximisation test of 
Magnussonn and Kligman (GPMT). The GPMT is a deliberate attempt to sensitize 
guineaa pigs. After attempted sensitization, a non-irritating concentration of the 
chemicall  is applied to the shaven skin of the animal. The animal is monitored for 
clinicall  symptoms, like redness of the skin after approximately 48 and / or 72 
hours.. The GPMT requires 24 to 32 guinea pigs to assess the sensitization potential 
off  a single chemical. The GPMT predicts the answer to this 'yes or no' question 
withh an accuracy of 73% 2. 
Thee other validated animal test is the murine local lymph node assay (LLNA) . The 
LLNAA measures the proliferation of cells in the draining lymph nodes. A strong 
responsee of the immune system after contact with a sensitizer, will result in a 
substantiall  increase in the size of the draining lymph nodes and the number of cells 
inn it. The LLNA requires 16 to 30 mice to assess the sensitization potential of a 
singlee chemical. The LLNA has a prediction accuracy of 72%, however false 
positivee results obtained with various skin irritants are of great concern 2. This may 
bee related to the fact that the LLNA has no internal control to exclude skin irritants, 
andd many contact allergens are only positive in the LLNA , when tested at irritating 
concentrations. . 
ComputerComputer model predictions for allergenicity. Computer simulation and prediction 
models:: expert systems and quantitative structure-activity relationship (QSAR) 
models.. Computer models are based on what is known about the chemical and 
biologicall  basis of skin sensitization. With this knowledge, it becomes possible to 
predictt the effect of a substance on a biosystem like the human skin. The chemical 
propertiess of a test chemical are compared to those of other chemicals known to be 
aa sensitizer or not. Developed QSAR models can reduce the number of chemicals 
thatt need to be tested to some compounds per class, in stead of all compounds. It 
wouldd thus classify as an important reduction alternative, but not as a replacement 
alternative.. The need to test less chemicals wil l be a cost and effort reduction for 
bothh animal and alternative tests. 
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TestingTesting allergens by cell culture. In vitro culture systems for dendritic cells. DCs 
cann be generated in vitro from human peripheral blood monocytes. These DCs 
resemblee Langerhans' cells, but are not identical to LCs 29. After in vitro exposure 
too an allergen, DCs may be directly activated. The absence of functional skin in 
vitroo requires the use of markers to assess DC activation. One of these markers is 
thee upregulation of IL-i p mRNA, which can be detected by quantitative RT-PCR. 
69-71.. Production of IL-1J3 mRNA by DCs has been suggested as the basis for an in 
vitroo assay 72, however it was not found to be reproducible with DC derived from 
differentt donors 73. This may be related to the fact that both IL-l p and TNF-a can 
activatee LCs 74. Haptens can directly activate DCs, causing the relocation of MHC 
III  from cytoplasmic vesicles to the cell membrane, or the expression of co-
stimulatoryy molecules 24'75. However different haptens may activate DCs in 
differentt ways 76. 
Activatedd DCs function to stimulate naive antigen-specific T-cells. This is the 
principlee of the use of DC and T-cell co-culture systems. The read-out would be T 
lymphocytee blastogenesis or activation 77. From a theoretical immunological point 
off  view, activation of antigen-specific T lymphocytes in the naive repertoire would 
bee an extremely rare eventI9. 
AA third cell culture system is the culture of keratinocytes. The idea behind this test 
iss that allergens and non-allergens, including skin irritants have different effects on 
keratinocytes.. Different activation of keratinocytes could cause different cytokine 
production.. But only for a few of related benzene-compounds an allergen-specific 
effectt has been found78,79. 
OrganotypicOrganotypic skin explant culture to screen for allergens. Both the sensitization and 
thee elicitation of contact allergy are initiated in the skin in vivo. Thus organotypic 
skinn explant cultures (OSECs) probably contain all cells and factors important 
earlyy in the induction phase of ACD. LC migration is important in the induction 
andd elicitation phase of ACD. Migration of epidermal LCs can be studies in human 
OSECC (hOSEC) 8(U1, where they migrate out through lymphatic vessels 82. 
Applyingg contact sensitizers topically on the skin in vivo accelerates LC migration 
outt of the epidermis 2I-31-34'83-84. This also occurs in hOSEC, where compound-
inducedd LC migration has been used as a predictive assay for contact allergens 8 * . 
Thiss LC migration is not dependent on previous sensitisation of the donor skin . 
However,, also skin irritants and accelerate LC migration in vivo 21,31" ' ' , and 
possiblyy also in hOSEC. This means that it might be needed to exclude skin 
irritationn in order to use LC migration as a predictive test for contact allergens. 
ComparingComparing model systems to assess allergens. Different tests to assess contact 
allergenss have different advantages and disadvantages. In order to generate an 
overvieww of these, the data are summarized in Table 1.3. Computer models like 
QSARR are only a reduction alternative, as they cannot replace all animal testing. 
Animall  models like the GPMT, MEST and LLNA cannot detect allergens, which 
onlyy sensitize human, and have false positives with human non-sensitizers that 
sensitizee guinea pigs. Animal ethics are a strong argument against animal testing 
techniques.. Cell culture techniques miss certain cell types, and also important skin 
structuress and barriers. Many allergens are small molecular compounds (haptens), 
andd small molecular compounds are likely to penetrate the skin easily. Thus skin 
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penetrationn may indeed play an important role in contact sensitization. This may 
seriouslyy limit their applicability to accurately assess contact allergens in cell 
culture.. Therefore the OSEC models may have the potential to be best alternatives 
off  all models compared. 

Tablee 1.3. Alternative methods for assessing skin contact allergens 

Resourcee d 

Lipophilss e 

Neww chemicals 
Skinn barrier ê 

Metabolismm h 

Langerhanss cells ' 
Keratinocytess ' 

Dendriticc cellsa 

+ + 

--
+ + 

--
--

+/--

--

Keratinocytess b 

+ + 

--
+ + 

--
+ + 

--
+ + 

OSEC C 
+/--
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 

aa culture of Dendritic cells, derived from peripheral blood monocytes; b Skin reconstructed from 
keratinocytess cultured at the liquid-air interface;c Organotypic Skin Explant Culture; d Availability of 
resources;; e Possibility to testing of water insoluble chemicals; Suitability of model to test new 
chemicals;; g Taking skin penetration in account; h Metabolism is possible in skin systems, also 
importantt for the detection of prohaptens; ' Role of LCs in test system; ' Role of keratinocytes in test 
system. . 

1.66 Animal skin as a model for human skin 
Humann skin is limited available as a waste product, but animal skin may be 
availablee in higher quantities. In order to be a functional replacement of human 
skin,, animal skin should be very similar to human skin. But not every animal skin 
iss equally suited be used as a model for human skin, since most animal skin differs 
fromm human skin in many ways. A model for human skin should be as close as 
possiblee to human skin with respect to skin morphology, histology, and 
permeability. . 
Humann skin differs significantly from the skin of most animals, with respect to 
histologicall  properties, which may be related to the absence of a fur (Figure 1.2). 
RatRat epidermis for instance has a much more developed stratum granulosum than 
humann and pig skin. The stratum corneum in guinea pig and rat skin is much 
thicker,, and that of the mouse skin is much thinner than the human horny layer. On 
firstt sight the pink pig skin is a rare exception among mammals in that it resembles 
humann skin. In contrast to the furry rodents, hair growth on pig skin is usually as 
sparsee as that on human skin. A typical furry rodent skin has only two layers of 
epidermall  cells, whereas the pink human and porcine skins have four to five 
keratinocytee layers. Also the presence of epidermal ridges is unique to human and 
porcinee skin. It is suggested that these ridges may play a role in skin penetration. In 
histologicall  sections, only pig skin closely resembles human skin 85. It could be 
hypothesizedd that a dense hair coat might affect the accessibility of skin to 
chemicall  and other influences. Dense hair growth offers extra protection to the skin 
andd affects differentiation of the skin. Density of the pelage could therefore be a 
disturbingg factor in animal models for human skin. In line with this reasoning 
hairlesss rodents are used as models for skin research, i.e. hairless (not nude!) 
guineaa pigs 86. Skin penetration is similar in human and pig skin 87'88. 
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RATT GUINEA PIG 

Figuree 1.2. 
Histologicall  aspect of the skin from various species. Picture taken from ref. 

AA minor difference between human and pig skin, is the absence of melanocytes in 
thee latter. This might affect results of skin exposed to UV, e.g. for the assessment 
off  photoirritants or photosensitizers. Based on histology, however, no real 
differencess between human and pig skin in relation to assessment of skin irritants 
orr contact sensitizers is expected. The skin has to protect the body from stresses 
fromm outside. For this purpose the skin contains a number of barriers, which look 
similarr in pig and in man. Comparison of skin histology suggests that human and 
porcinee skins are very similar. Also the presence of different types of fatty 
compoundss in this barrier shows more similarity between human and porcine skin, 
thann between human and rodent skin. Skin penetration experiments have shown 
thatt porcine skin has a similar permeability compared to human skin, at least for a 
numberr of compounds. 
GeneticallyGenetically humans and pigs are fairly close, and this is reflected in the genes 
encodingg for enzymes involved in skin metabolism. Most rodents differ 
considerablyy with humans in skin enzymes, their activity and / or substrate 
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specificityy of these enzymes. However these porcine skin enzymes are mostly 
similarr to those in human skin 89. 
Anotherr important feature is skin immunology. Small, preferably lipophilic 
compoundss can penetrate the skin. Lipid antigens are presented by CD 1 molecules 
255 which are present on Langerhans cells of humans 90~94, cats 95, dogs 96, sheep 97, 
bovine,, equine 98, guinea pigs 99,10°, pigs 101 (unpublished data), but not on 
Langerhanss cells of rats and mice, as these species lack type I CD1 molecules. 

1.77 Contents of this thesis 
Thee aim of this thesis is to develop alternative methods to assess skin irritants and 
contactt allergens. These models will be developed using human OSEC. Also the 
possibilityy to use porcine OSEC to replace human OSEC for these assessments will 
bee investigated. OSECs have the ethical advantage that the skins are waste 
products.. So animals (and humans) do not suffer. Nevertheless they remain close to 
thee in vivo situation, as skin structures are intact, resulting in a normal skin barrier 
function.. Also the LCs are present in their normal habitat, suggesting that they will 
behavee normally. 
Properr assessment of skin irritants requires skin structures similar to human skin in 
vivovivo or in the OSEC. It is also important to assess toxicity by caused by different 
mechanisms.. RNA is essential for all living cells, but quickly degraded after cell 
death.. The methyl-green pyronine (MGP) staining allows the detection of RNA by 
pyroninee in OSEC 102. The application of this method is described in Chapter 2 and 
3.. Extensive studies show that the combination of OSEC-MGP is a robust method 
forr screening skin irritants. 
Assessmentt of contact allergens is in vivo only possible at non-irritating 
concentrations.. The original in vitro protocol lacked a reliable method for assessing 
skinn irritants, but this method is described in the previous chapters. After excluding 
skinn irritants, LC migration may be used to assesss contact allergens. LC migration 
iss calculated by counting LCs before and after culture, thus the counting of LCs 
shouldd be accurate and reliable. An autmated method for counting LCs is described 
inn Chapter 4. After excluding skin irritation and effects thereof, automated 
countingg of LCs allows appropriate assessment of contact allergens (Chapter 5). 
Thesee improvements result in reliable model for assessing contact allergens. The 
similarityy of porcine skin to human skin for the assessment of skin irritants is 
shownn in Chapter 2 and 3. 
Alternativee test methods need to be validated prior replacing animal tests. 
Validationn means that a set of reference chemicals with known properties is tested 
inn order to assay the validity of the new test method, with regard to reproducibility 
andd predictive value. The predictive value of the alternative test will be compared 
withh the predictive value of current animal tests. It is important that the known 
propertiess of the reference chemicals are established in a relevant system. Since 
riskk assessment is most often required for humans, human data is thus the only 
relevantt data. The animal test predictions should thus not be used as reference data 
whenn validating an alternative test. It is important that human data are the reference 
forr both the alternative test and for the to be replace animal test. 
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