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Welcome address to the  
16th Congress on “Alternatives to Animal 
Experimentation“ – Linz 2010

Dear colleagues,

on behalf of eUSAAt – the european Society for Alternatives to Animal testing, eStIV 
– the european Society of toxicology In Vitro and zet - the Austrian Centre for Alternative 
and Complementary Methods to Animal testing, I cordially welcome you to the “linz 2010” 
congress. this year the “linz Congress on Alternatives to Animal testing” is the major 
international scientific event in the field of the 3Rs. In essence it is this year the European 
Congress on Alternatives to Animal testing.

We are very pleased that in 2010 the “16th Congress on Alternatives in Linz” will be held as  
a joint congress of eStIV and eUSAAt. this means as the “ESTIV 2010 – the 16th International 
Congress on In Vitro Toxicology” and also as the “13th Annual Congress of EUSAAT”. the 
cooperation between eStIV and eUSAAt will ensure a high level of oral presentations  
and discussions during the poster sessions. taking into account that we have received 
significantly more abstracts than in the past, we have reserved considerably more time for  

the poster sessions than usual. this will allow all of the participants to expose themselves to new ideas, meet  
old friends and make new ones.

As you can see from the programme, each session will start with a “state of the art” lecture followed by four  
to five oral presentations selected from the abstracts. Several of the past meetings of ESTIV and EUSAAT  
have started with satellite meetings. this year we have scheduled several “Pre-Congress Meetings” sponsored  
by the european Commission as well as by eStIV and eUSAAt. Since eUSAAt is engaged in legal and  
ethical aspects of animal experimentation, we are starting the conference with a session on “legal,  
ethical and policy aspects of animal experiments”. We will then cover “Metabolism and toxicokinetics” and  
“Skin sensitization and eye irritation”. the fourth session is devoted to “Good Cell Culture Practice”,  
which is a joint eStIV/eUSAAt activity. On the second day we will continue with two sessions on “Acute  
and long term toxicity” and a session on “Antibody production”, which is sponsored by the Dr. Hadwen  
trust (UK). the afternoon session, which is devoted to the controversial issue of “Nanotoxicology”, will include  
a round table discussion; this session is sponsored by the “Animalfree Research Trust” (CH). The final day  
will cover hot topics, e.g. “Reproductive toxicology and stem cells”, “New developments and novel methods”  
and also the US activity “toxicology in the 21st Century”.

As in the past, we are strictly avoiding parallel sessions at the “linz 2010” congress and we have reserved 
sufficient time for intensive discussions during the poster sessions. We have always tried to motivate  
young scientists by giving awards to young authors who present the most innovative and promising posters.  
We are particularly happy that several funding institutions will present international awards in linz this  
year to stimulate the reduction of animal experiments. 

located in the centre of europe, linz is a typically charming Austrian city situated on the river Danube. It  
has a baroque city centre and is famous for its modern museums and the ARS Electronica centre. the surrounding 
Austrian countryside offers unique historic sights as well as cultural and gastronomic highlights.

We will try our best to make your stay enjoyable and are looking forward to seeing you in linz this autumn.  

On behalf of the organisers

Horst Spielmann

President of eUSAAt
Representative of ESTIV
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Abstracts of All Lectures and Posters
In alphabetical order of the first authors

Poster

The future of human cell culture media
Armando Aguiar0, Caio Mansano0, Guilherme Ragot0, Cesar Isaac0, Silvana Altran0,  
Andre Paggiaro0, Rafael Tutihashi0, Monica Mathor1 and Marcus Ferreira0

0Faculty of Medicine, University of Sao Paulo (BR); 1Nuclear and energy Research Institute (BR)

Contact: armandojr87@hotmail.com

Human cell culture has become an essential tool for scientific 
research. the most widely used media for human cell cultures 
are supplemented with foetal bovine serum (FBS), which con-
tains most of the factors required for in vitro cell proliferation 
and development. Few cell types grow in the absence of FBS 
and when that happens it is just for a short time. even when 
growth occurs, its rate is always better when serum is added 
to the cell culture medium. this supplement is obtained from 
blood extracted from foetuses removed, under aseptic condi-
tions, from cows found to be pregnant at slaughter. FBS qual-
ity varies between batches and contains many undefined com-
pounds, which carries the risk of undesired protein or pathogens 
being introduced into the cell culture.

Because of these risks, there is a worldwide drive to develop 
alternatives using autochthonous proteins or chemically defined 
compounds. One of the advantages in using FBS is its almost 
universal growth supplement effect in most types of human and 
animal cells. therefore, the use of FBS reduces time and effort 
in developing a specific media formulation for each cell type. 
Some of the disadvantages are: high cost; variable composi-

tion; presence of harmful toxins; contamination of human cell 
cultures by bovine contaminants; immune reaction to foreign 
proteins; difficulty of the downstream purification of proteins 
products; ethical issue about animal suffering during blood ex-
traction from the heart of the live foetus without anaesthesia. 

Although there is no breakthrough discovery of a new alter-
native cell culture medium, all the new developments and the 
range of serum free products already on the market suggest that 
it will only be matter of time before serum is eliminated from 
use in cell culture.

References
Drake, R. e., teague, R. A. and Gabel, J. C. (1998). effect of 

sheep plasma and lymph on fibroblast proliferation. Am. J. 
Physiol. Regul. Comp. Physiol. 274 (2), R561-563. http://
www.focusonalternatives.org.uk/

van der Valk, J., Mellor, D., Brands, R. et al. (2004). the hu-
mane collection of fetal bovine serum and possibilities for 
serum-free cell and tissue culture. Toxicol. In Vitro 18, 1-12.

Keywords: cell culture, human cell, in vitro
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Transepithelial electrical resistance for  
in vitro toxicology
Sher Ahmed, Mélanie Favre and Martha Liley
CSeM SA (Neuchatel) (CH)

Contact: sher.ahmed@csem.ch

Current biochemical or bacterial methods for testing water 
pollution are expensive and do not test for a wide variety of 
toxicants (Dayeh et al., 2002). traditionally, toxicity tests 
have been done in vivo on fish and on other animals as de-
fined in a number of OECD standards (http://www.oecd.org/
dataoecd/17/20/1948241.pdf). Recently there has been a huge 
drive to refine and to develop new in vitro methods that could be 
used to reduce animal testing (Glawdel et al., 2009). 

this study aims to develop a cell-based autonomous biosensing 
microsystem for water quality. transepithelial electrical resist-
ance measurements (teeR) will be used to monitor the integrity 
of a monolayer of epithelial cells in an automated fluidics system. 
the system will be installed at a river or stream and will sample 
the water. A drop in teeR will be taken as indicative of the pres-
ence of toxicants in the water sample and will be automatically 
relayed to an operator notifying him of a problem. 

A simple fluidics system for epithelial cell culture has been 
developed. It includes a double flow PDMS chamber, with 
upper and lower compartments separated by a microporous 
membrane for cell growth. Integrated electrodes allow regular 
measurements of the teeR of the epithelial cell layer. Com-
parisons between resistance measurements using standard Stx 
electrodes and transwell polyester inserts and those carried out 

in the new fluidics system indicate a significant improvement in 
reproducibility. 

experiments to select the most suitable cell model – pref-
erentially a fish cell model – and optimise cell growth in the 
fluidics system are now underway. It is preferable to usea fish 
cell model to utilise characteristics such as low culture temara-
ture and resistance to varying osmoticpressre (lee et al., 2009). 
Future work will compare teeR measurements with classical 
toxicity endpoints.

References
Dayeh, V. R., Schirmer, K. and Bols, N. C. (2002). Applying 

whole-water samples directly to fish cell cultures in order to 
evaluate the toxicity of industrial effluent. Water Research 36 
(15), 3727-3738.

lee, l. e. J., Dayeh, V. R., Schirmer, K. and Bols, N. C. (2009). 
Applications and potential uses of fish gill cell lines: examples 
with Rtgill-W1. In Vitro Cellular & Developmental Biology-
Animal 45 (3), 127-134.

Glawdel, t., elbuken, C., lee, l. e. J. and Ren, C. l. (2009). 
Microfluidic system with integrated electroosmotic pumps, 
concentration gradient generator and fish cell line (RTgill-
W1) towards water toxicity testing. La. Chip 20, 1-9.

Keywords: transepithelial electrical restistance, fish cells, in vitro toxicity, animal testing, biosensing microsystem

Poster

Dissemination of industrial research,  
screening and testing approaches through  
validation processes support tools  
and methodologies contributing to the 3Rs
Nathalie Alepee, Jose Cotovio, Daniel Duché, Gladys Ouedraogo, Silvia Teissier,  
Jean-Marc Ovigne and Jean-Roch Meunier
l’Oréal (Aulnay sous Bois) (FR)

Contact: nalepee@rd.loreal.com

In line with the 7th Amendment to the eU Cosmetics Directive, 
the dissemination of advances on alternative methods represents a 
step to promote alternatives to animal testing. Over the past dec-
ade there have been great efforts in industry and academic labo-

ratories to develop alternative methods, either in silico or in vitro, 
that would comply with regulatory constraints. the implementa-
tion is still limited, given that it is a great challenge to replace 
historical approaches by in vitro tests with a high predictivity.
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l’Oréal has, based on these principles, developed unique test 
methods to screen and test potential effects of chemicals. We 
initially focused on approaches for skin irritation, since this is 
an important endpoint for chemicals used in cosmetics. A peer 
review on various aspects of alternative techniques was per-
formed at all stages of the research, and development had the 
focus that in vitro methods improve chemical selection (screen-
ing) as well as quality of testing. Following the development of 
the screening test, we implemented some protocols (i.e. epiSkin 
and Skinethic RHe) for pre-validation and validation processes 

according to eCVAM recommendations. to ensure quality and 
objectivity, experts from an international committee oversee the 
content. Details of the approach will be presented. the scope of 
the present poster will also cover other examples in the areas of 
eye irritation (Skinethic HCe) and skin sensitization (MUSSt 
assay). 

By participating actively in relevant forums, l’Oréal and 
other industries will maintain and promote the development of 
new tools and methodologies as well as improve acceptance of 
in vitro alternatives by authorities.

Poster

A new web-portal to support non-animal research:  
InVitroJobs.com
Norbert Alzmann, Christiane Baumgartl-Simons, Christiane D. Hohensee and André Schmidt 
People for Animal Rights Germany (Menschen für tierrechte – Bundesverband der tierversuchsgegner e.V.) (Aachen) (De) 

Contact: n.alzmann@gmx.de

the development of non-animal methods in research has ad-
vanced rapidly in recent years. the website InVitroJobs.com 
was created to support this important branch of science. Many 
researchers have a strong interest in animal-free research, but find 
information on research groups who use non-animal methods 
hard to come by. One aim of our portal is to enable scientists and 
young scholars to access this branch of research more easily.

Alongside the job search portal, we also maintain an up-to-
date list of research groups which are active in the development 
of non-animal research methods or mainly apply these methods. 
Here, students as well as established scientists will find an over-
view of the current research landscape. Contact information is 
provided in order to facilitate the search for a thesis assignment 
or internship or to establish contact with other research groups. 
this will help to expand networks and generate new ideas. We 
regularly update and enlarge our list and groups interested in 
being listed are welcome to provide their information.

Our website provides the opportunity to post vacancies in the 
categories: a) Jobs b) Internships c) thesis assignments. Situ-
ations wanted advertisements can also be posted. So you can 

promote your own competence and you can be sure that the rel-
evant group of people take notice of your proposal. All services 
provided by InVitroJobs are free of charge. 

Moreover the website offers a multiplicity of information: 
the “News” category supplies comprehensive information on 
current developments in research and politics. A newsletter pro-
vides regular updates on current developments in non-animal 
research. A literature survey shows publications on specific top-
ics. We also maintain a link list to further information and we 
give a survey of foundations and organisations that support the 
development of non-animal methods by grants and funding.

We seek for exchange with competent dialogue partners and 
we will be glad to inform about current methods in non-animal 
research. this platform will support an ethically defensible, 
modern and scientifically reasonable research.

InVitroJobs is a project of People for Animal Rights Germany 
(Menschen für tierrechte – Bundesverband der tierversuchs-
gegner e.V.). Contact: +49 (0)731 17 67 285 info@invitrojobs.
com

Keywords: information sources, research groups, non-animal research methods, jobs, internships, thesis assignments
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In vitro toxicity, mutagenicity and  
antimutagenicity of South African traditional  
medicinal plants and their preparations
Roel Anthonissen0, Luc Verschaeve0 and Johannes Van Staden1

0Scientific Institute of Public Health (Brussels) (BE); 1Research Centre for Plant Growth and Development, University of 
KwaZulu-Natal (Pietermaritzburg) (ZA)

Contact: roel.anthonissen@wiv-isp.be

there is a continuous search for new medications, e.g. against 
cancer. the reason is, amongst others, that existing remedies 
have unwanted side effects and that they may loose their ef-
ficacy in the long run. Traditional medicinal plants are seen as 
an important source of possible new therapeutic drugs. they 
are still in use all over the world, for example in South Africa, 
where more than 80% of all medication comes from plants that 
are provided by traditional healers. Many of these plants or 
preparations thereof have shown their efficacy over the years. 
Yet, they are not screened for potential adverse health effects as 
are our modern medicines.

We have investigated the in vitro toxicity, mutagenicity and 
antimutagenicity of a number of widely used South African tra-
ditional medicinal plants or preparations in order to (a) assess 
their potential adverse health effects (toxicity, mutagenicity) 
and (b) investigate their possible beneficial (antimutagenic) ef-

fects, which would open interesting applications as food addi-
tives or in medicines.

We present data showing that some widely used preparations in-
deed have toxic and mutagenic properties whereas others have pro-
nounced antimutagenic effects against well-known chemical mu-
tagens, indicating that further research is needed to ascertain their 
safe use or further explore their potential beneficial properties

Published in
Verschaeve, l. and Van Staden, J. (2008). Mutagenic and an-

timutagenic properties of South African medicinal plant ex-
tracts. J. Ethnopharmacol. 119, 575-587.

Ndhlala, A. R., Anthonissen, R., Stafford, G. I. et al. (2010). In 
vitro cytotoxic and mutagenic evaluation of thirteen commer-
cial herbal mixtures sold in KwaZulu-Natal, South Africa. S. 
Afr. J. Bot. 76, 132-138.

Keywords: toxicity, mutagencity  antimutagenic effects, herbal plants0

Poster

In vitro perfusion system for semi-automation  
of long-term repeat dose toxicity testing
Lydia Aschauer0, Anja Wilmes0, Martin O. Leonard1, Walter Pfaller0 and Paul Jennings0

0Division of Physiology, Department of Physiology and Medical Physics, Innsbruck Medical University (Innsbruck) (At); 
1School of Medicine and Medical Science, UCD Conway Institute, University College Dublin (Dublin) (Ie)

Contact: lydia.Aschauer@i-med.ac.at

Repeat dose long-term in vitro studies are of particular im-
portance for the hazard and risk assessment of chemicals and 
pharmaceuticals. However, due to their nature, such studies are 
time intensive, laborious, tedious and costly. We have adapted a 
perfusion system (epiFlow) for semi-automation of repeat dose 
applications. In this study, we describe the system, the effects of 
hypoxia and experiments conducted with repeated Cyclosporine 
A (CsA) dosing of renal proximal tubular cells for 14 days.

the adapted perfusion system holds six 2.5 cm cell carriers 
in a cell culture chamber. the system is gas equilibrated via a 
silicone membrane separating the cell culture chamber from the 

gas system. Medium is delivered to the cell culture chamber 
using a peristaltic pump. We cultured the human renal proxi-
mal tubular cell line RPTEC/TERT1 on aluminium oxide filter 
inserts and placed them in the perfusion apparatus. CsA was 
administered to the cells either in a 24 h bolus exchange (18 
ml) or in a continuous slow medium perfusion (0.75 ml/h) for 
14 days. Additionally, the effect of a 1% oxygen environment 
was compared to a 21% oxygen environment in the absence of 
CsA. Medium was collected daily and lactate concentration was 
quantified. At the end of the 14 days, cells were harvested for 
transcriptomic and metabolomic analysis. 
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Keywords: semi-automated cell culture system, chronic toxicity, Cyclosporine A, renal proximal tubular cells

Under certain types of cellular stress, differentiated RPteC/
teRt1 cells switch from a minimal to an extensive glycolytic 
metabolism rate that can be monitored by measuring superna-
tant lactate levels. Increased lactate production was induced by 
hypoxia in both feeding conditions, whereas only high concen-
trations of CsA (15 µM) given in 24 h feeding bolus had this 
effect. The latter observation matches our findings in static cell 
culture experiments. However, CsA applied in continuous feed-

ing had no effect on lactate production, possibly as a result of 
the compound binding to the perfusion tubes due to prolonged 
contact time. 

thus, using CsA as a model nephrotoxin, the perfusion sys-
tem could reproduce the properties of static 24 h feeding cycles. 
A deeper analysis of the “omic” profiles will be required for a 
more complete comparison to the manual static system.

Lecture in Session VI: Acute and long term toxicity B

EpiVaginal tissue model for preclinical  
toxicity screening of chemicals/formulations  
following single or repeat applications
Seyoum Ayehunie0, Chris Cannon0, Karen LaRosa0, Helena Kandarova1, Silvia Letasiova1  
and Mitchell Klausner0

0Mattek Corporation (Ashland) (US); 1Mattek IVlSl (Bratislava) (SK)

Contact: sayehunie@mattek.com

A predictive test system for assessing the vaginal irritation po-
tential of chemicals and formulations will have far reaching ap-
plication in industries involved in women’s care products. the 
vaginal mucosa is commonly exposed to chemicals and thera-
peutic agents that may result in irritation/inflammation, which 
can make women susceptible to infections such as HIV-1 and 
HSV-2. Hence, chemical or therapeutic agent induced vaginal 
irritation is a public health concern. testing of such materials 
has been performed using the rabbit vaginal irritation (RVI) 
assay. In the current study, we investigated whether the highly 
differentiated epiVaginal tissue could be used as a non-animal 
alternative. 

The EpiVaginal tissue was first exposed to single (N=6 chem-
icals at three concentrations) application of test agents for 24 h. 
tissue viability (Mtt assay), barrier disruption (measured by 
trans-epithelial electrical resistance, TEER and sodium fluores-
cein (FL) leakage) and inflammatory cytokine release (IL-1α, 
IL-1β, IL-6, and IL-8) were examined. Furthermore, the utility 
of the tissue model for repeat application of chemicals was test-
ed by exposing tissues with three repeat applications (1 h each 
time at times 0 h, 24, h, and 48 h) followed by a 24 h recovery 
time for each exposure. A total of 12 test articles at a single dose 
(2% of each test article) were used for the repeat application. 

When compared to untreated controls, two irritating test ar-
ticles, benzalkonium chloride and nonoxynol 9, reduced tissue 

viability to <40% and teeR to <60% and increased Fl leak-
age by 11-24% and IL-1α and IL-1β release by >100% in the 
single application assay. Four other non-irritating materials had 
minimal effects on these parameters. Assay reproducibility was 
confirmed for single applications by testing the chemicals using 
three different production lots (<10% CV) and by using tissues 
derived from cells of three different donors (<12% CV). treat-
ment of the tissue with vaginal fluid stimulant (pH=4.2) did not 
result in a decrease in tissue viability or an increase in inflam-
matory cytokines. Release of IL-1α and IL-1β was found to be 
a strong indicator of toxicity of chemicals. In the repeat (3x) ap-
plication assay, benzalkonium chloride, nonoxynol 9 and SDS 
reduced tissue viability to <10% and teeR <20%. For repeat 
applications either IL-1α or β were found to be indicators of 
chemical toxicity and the cytokine response was noted in the 
first 24 h after the initial chemical exposure.

Decreases in MTT and TEER and increases in FL, IL-1α and 
IL-1β release appear to be useful endpoints for preclinical toxic-
ity screening of chemicals/formulations. the assay method will 
be cost effective and reduce the use of laboratory animals for 
experimentation. In the future, the in vitro test method could 
also be a useful tool to assess toxicity of medical devices and 
drug permeation studies and should be considered as an in vitro 
alternative test for the RVI assay.

Keywords: EpiVaginal, toxicity, IL-1α, IL-1β
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Plasmacytoid dendritic cell-based assay as an in vitro 
alternative assay for chemical allergenicity screening
Seyoum Ayehunie0, Matthew Child0, Maureen Snell0, Mitchell Klausner0, Silvia Letasiova1  
and Helena Kandarova1

0Mattek Corporation (Ashland) (US); 1Mattek IVlSl (Bratislava) (SK)

Contact: sayehunie@mattek.com

Human dendritic cells have been used to evaluate the allergenic-
ity potential of chemicals to serve as an alternative to existing 
animal models utilised throughout industry to monitor products 
for contact sensitization. Development of such a non-animal al-
ternative assay system for hazard assessment directly addresses 
ReACH (Registration, evaluation, and Authorization of Chem-
icals). In this study, we investigated whether CD86 expression 
in plasmacytoid dendritic cells (pDC) can be used to identify 
contact allergens. 

Human DC were generated from CD34+ progenitor cells and 
the pDC fraction (CD123+/CD11c-) was harvested using FACS 
sorting. the pDC were exposed to an expanded list of chemi-
cal allergens (n=49) or irritants (n=42). Concentrations of each 
chemical that resulted in >50% viability as determined by FACS 
analysis of propidium iodide stained cells were used for analy-
sis. Allergens were identified based on stimulation index (SI) 
calculated by the fold increase in CD86 expression levels. A 

material that had an SI ≥1.5 in at least 50% of the pDC donors 
(n=2-5 donors) was considered an allergen. 

For 71 of the 91 materials tested, historical mouse local 
lymph node assay (llNA) and human clinical data were avail-
able. Using the in vitro pDC assay, CD86 expression increased  
≥1.5 fold for 37 of 39 allergens but not for 26 of 32 non- 
allergens. Based on these results, a prediction model was  
developed to classify chemicals as allergens or non-allergens. 
the in vitro assay performance had sensitivity = 95%, specifi-
city = 81%, and accuracy = 89%; these results were slightly 
better than those obtained using the llNA assay which showed 
sensitivity = 85%, specificity = 84%, and accuracy = 85%. 

CD86 expression in pDC appears to be a sensitive and specif-
ic predictor of allergenicity. the assay is advantageous because 
high throughput screening of chemicals is possible, donor-to-
donor variation can be monitored, the cells are of human origin 
and the assay is cost effective.

Keywords: dendritic cells, allergenicity, CD86

Poster

Effects of pharmaceuticals and personal care  
products (PPCPs) on cytotoxicity,  
EROD activity and ROS production in a rainbow  
trout gonadal cell line (RTG-2) 
Mar Babin, Carlos Fernández, Rosa B. Angulo, Mónica Gómez and Gregoria Carbonell
INIA (Madrid) (eS)

Contact: babin@inia.es

Pharmaceuticals and personal care products (PPCPs) are an 
emerging concern in the aquatic environment. Aquatic organ-
isms exposed to these compounds can be adversely affected, 
as they are possibly not as efficient as mammals in eliminat-
ing lipophilic drugs and oxygen radicals. Risk management ne-
cessitates the knowledge of the incurred hazards as well as the 
quantification of the exposure the organisms, subjected to these 
hazards, would likely be incurring. At present the toxicologi-
cal implications of the presence of pharmaceuticals and PPCPs, 

and the exposure to their mixtures in aquatic organisms remain 
largely unknown. The most significant entry route for these sub-
stances or their metabolites into the aquatic environment is the 
release from wastewater treatment plants (WWtPs). the pur-
pose of this study was to analyse sub-lethal and cytotoxic ef-
fects of pharmaceuticals and PPCPs presents in WWtPs and its 
mixtures, using the RtG-2 rainbow trout cell line.

Samples were collected from three WWtPs, and the sub-
stances detected at the highest concentrations were selected, 
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including the pharmaceuticals atenolol (β-blocker), bisphenol 
A (endocrine disruptor), caffeine (CNS stimulant), diclofenac 
(analgesic), diphenylhydantoin (anti-convulsant), ethinylestra-
diol (endocrine disruptor), fluoxetine (antideprerssant), hydro-
chlorothiazide (diuretic), ketoprofen (analgesic), metoprolol 
(β-blocker), naproxen (analgesic) and propanolol (β-blocker), 
and the PPCPs musks galaxolide and musk xylene.

RtG-2 cells were plated at a density of 2.5 x 104 cells/well in 
96-well microtiter plates. For single substances (stock DMSO 
solutions of 500 mM) different concentrations were prepared by 
serial eMeM dilutions at a ratio of 1:1 to obtain dose-response 
curves. Mixtures of pharmaceuticals and PPCPs were prepared 
according to the concentration in the WWTPs effluents. The 
induction of cytochrome P450 CYP1A monooxygenase was 
quantified by their associated ethoxyresorufin-O-deethylase 
(EROD) activity, using 7-ethoxyresorufin as substrate. The 
generation of ROS was monitored by employing 2’,7’-dichlo-
rodihydrofluorescein diacetate staining. Cellular defence was 
predicted by a β-galactosidase assay, using MFU-galactoside 
as substrate. Cell viability was quantified using the NR assay. 

except for atenolol and naproxen, all individually tested 

compounds showed significant cytotoxic effects in most of the 
assays, with lowest-observed-effect concentrations and con-
centrations causing 50% effects (eC50) values within the µg/l 
range. Clear dose-response curves were found for several of the 
sub-lethal and cytotoxic endpoints assessed for RtG-2 cells ex-
posed to different mixtures of pharmaceuticals and PPCPs, with 
lowest-observed-effect concentrations and concentrations caus-
ing 50% effect (eC50) values within the ng/l range. 

More than 50% of substances tested interacted with CYP1A 
metabolism pathways in RtG-2 cells through an induction or an 
inhibition of eROD activity. Such effects might be of environ-
mental concern since alteration of CYP1A activity is known to 
affect xenobiotic metabolism and toxicity in rainbow trout.

the results indicate that for some compounds, the margin of 
safety is narrow and that acute and chronic effects, particularly 
when combined effects of mixtures are taken into account, can-
not be ruled out. 

this study was funded by the Spanish project CONSOlIDeR-
INGeNIO (tRAGUA) CSD2006-00044 and RtA 2007-00002-
00-00.

Keywords: Limulus Amebocyte Lysate test (LAL), pyrogen test, sentience of invertebrates

Poster 

Criticism of the Limulus Amoebocyte Lysate (LAL)  
test as a replacement method of the rabbit pyrogen  
test (RPT) and environmental health implications
Róber Bachinski0, Enrico Saggioro0, Cristiane Caldeira1, Clarice Abreu1, Octavio Presgrave1, 
Nádia Geisa De Souza2 and Armando Meyer0

0National School of Public Health (eNSP)/Fiocruz (Rio de Janeiro) (BR); 1National Institute of Quality Control in  
Health (INCQS)/Fiocruz (Rio de Janeiro) (BR); 2Institute of Basic Sciences for Health (ICBS)/UFRGS (Porto Alegre) (BR)

Contact: rober.bachinski@gmail.com

this work intends to debate the acceptance of the limulus Ame-
bocyte lysate (lAl) test as a complete alternative method to 
the rabbit pyrogen test (RPt) in detecting endotoxins. the work 
is based on literature review and analysis of ethical, methodo-
logical and environmental questions.

there is evidence that the extraction of haemolymph from 
Limulus polyphemus (horseshoe crab) causes the death of 
about 30,000 crabs per year in the United States. that places 
the biomedical industry as one of the main causes of death of 
that arthropod. Added to that is our ignorance of the degree to 
which its phylogenetic scale of consciousness goes. We do not 
have sufficient knowledge of the sentience of arthropoda and 
other invertebrates. there is some literature evidence that horse 
shoe crab eggs serve as intertidal migratory bird food and an 
increase in Limulus death owing to lAl kit production may be 

a factor of disturbance of theses birds’ behaviour. Five tests that 
are based on the measurement of proinflammatory cytokines 
(interleukin IL-1β, IL-6) are already validated for the detec-
tion of pyrogens, possibly as a replacement of the RPt. Four of 
these five tests use human blood and the other test uses a human 
cell line (Mono Mac 6).

In conclusion, there are several ethical advantages in using 
human blood, since human donors are able to understand the 
research and give their consent to harmless donation. Since in 
vitro tests with human blood are potential complete replacement 
methods with no ethical consequences and without environmen-
tal disturbances, more studies for catch-up validation of those 
tests in products different from those used in the validation 
study should be conducted and encouraged to be later incorpo-
rated to pharmacopoeias. 
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the use of pesticides to control live organisms that threaten 
human food supply and health is continuously increasing. 
Conflicting with that, there is evidence that such use may be 
detrimental to environmental and human health. In order to 
achieve proper regulation of pesticide use and exposure, toxi-
cological tests are performed on several animal species, such 
as hamsters, rabbits, rats, mice, fish and birds. However, the 
extrapolation of the results obtained from such species to hu-
mans and other non-target species is still a matter of intense 
debate. In the meantime, a large number of animals is used in 
toxicological tests worldwide. It is therefore an ethical impera-
tive to develop final alternative methods to these tests.

the aim of this study was to systematically review the sci-
entific literature about alternative methods to pesticide assays. 
It was also investigated which fields of toxicology have been 
more involved in these efforts to develop alternative toxicologi-
cal tests to animal use.

embase, lIlACS, IBeCS, MedCarib, Wholis, Web of Sci-
ence and Scielo were searched until April 24, 2010 by means 
of several databases. the search on Medline by PubMed used 
the following Medical Subject Headings (MeSH): “Animal Use 
Alternatives” with word “pesticid*”. two researchers read all 
abstracts returned by this search strategy. After abstracts had 
been analysed, they were categorised into “off-topic”, “review”, 
“regulations”, “reduction and refinement” and “replacement”. 
Articles dealing with alternative methods to pest control or 

those aiming to improve animal tests themselves were consid-
ered “off-topic”. Discordant classifications were analysed by a 
third researcher. 

Search of scientific literature returned 287 abstracts from 
which 37 repeated articles were excluded. A further 182 ab-
stracts were also excluded as they were considered “off-topic”. 
the reason for this large number of off-topic abstracts was 
probably the search strategy, which was intentionally wide-
ranging in order to include as many relevant articles as possi-
ble. In addition, among the 68 remaining abstracts, 20 were re-
views and 11 dealt with regulatory issues. Accordingly, after all 
exclusions, 37 articles were selected for review. Among them, 
21 aimed at reducing or refining animal toxicological tests, 
15 aimed to replace existing methods to animal tests in pesti-
cide toxicology, and one text was found in the website Nature 
News. Among all articles classified as replacement methods, 
six aimed at replacing the acute test (lethal dose), one described 
methodological validation for reconstructed human epidermis 
for skin absorption testing, two were about replacement tests 
for hepatotoxicity, and another two about replacement for eco-
toxicity tests. 

this systematic review showed that there are only few studies 
on alternative methods to the use of animals in pesticide toxi-
cological tests. Research on replacement methods needs to be 
encouraged, as it could lead to a significant reduction of the cur-
rent massive use of animals in experimental science.
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the progress of ethical arguments beyond Cartesian thought – 
wherewith only humans could have rights and sensation – gen-
erates a necessity of rethinking sentient animal use in the life 
sciences and brings this discussion to science education. Aiming 

to develop the interest of scientists to replace animal tests, we 
have worked to demonstrate that the teaching/learning process 
is possible by using replacement strategies, in vocational educa-
tion such as in higher education. 
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Firstly we contacted in the vocation course of biotechnology 
a teacher of histology technique who did not feel comfortable 
using Rattus norvegicus in her lessons. We suggested, for the 
practical activities, a replacement using necropsied formalde-
hyde-fixed dog tissues. We observed those lessons. In the same 
course, we met a biochemistry teacher who replaced his 16 
animal lessons about biochemistry processes with non-animal 
organisms, like yeasts. He changed his traditional protocols and 
created alternative protocols, because he did not agree with ani-
mal use in education. later we interviewed the teachers to learn 
about their ideas for replacement methods for education and to 
hear whether they felt their lessons successfully taught their top-
ics. We used a focal group method with five students as the class 
group. We adopted the focal group method because we wanted 
to study a specific focus and had a defined group with different 
visions of the subject. 

the histology technique teacher mentioned that she felt un-
comfortable using animals and considered that the new method 
“solved the problem” (sic.). She said she would no longer use 
animals in her classes to avoid creating negative feelings con-
cerning their deaths. She felt that the students obtained compa-
rable knowledge in the alternative lessons. Interviewed students 

found that the replacement was effective although they had 
no former knowledge of replacement strategies (or alternative 
methods). that is possibly because teaching of alternatives to 
animal use is only starting in Brazil. We discussed other im-
portant animal replacement methods for biochemistry lessons. 
We demonstrated that alternatives used to teach biochemical 
processes reach the class objectives of understanding metabolic 
routes and laboratory techniques. the research presented dif-
ferent perceptions from students about animal use in the life 
sciences, however all students felt that animal use should be re-
placed where possible. they also felt that new alternative meth-
ods should be developed. 

Although in Brazil, research on alternative methods is just 
beginning and teachers often have no prior knowledge of the 
developments, teachers are able to create alternatives for their 
lessons out of self motivation. therefore, we must help and mo-
tivate teachers to develop methods to replace animal use in edu-
cation. We need to disseminate and make available established 
methods to other teachers and students. In this work, we focused 
on the principle of replacement, according to the 3Rs “reduce, 
refine, and replacement” the only one that allows the abolition 
of the use of animals in scientific practices.

Veterinary vaccines are based on biological organisms. Inher-
ent molecular complexity and variability necessitate continuous 
control tests to ensure quality, potency and safety of individual 
production batches. Currently, product testing often relies on 
animal experiments including lethal challenge tests. Whereas 
in vivo tests are necessary tools to develop safe and efficacious 
vaccines, the need for in vivo lot release testing is increasingly 
questioned. Improved quality control systems, new analyti-
cal methods and comprehensive post marketing surveillance 
information justify non-animal approaches in lot release test-
ing of well established products. Molecular analytical methods 
have been shown to be suitable for thorough qualitative and 

quantitative characterisation of complex biological products. 
Electrophoretic protein profiles offer a potential tool to test for 
batch to batch consistency and equivalence with clinical lots 
of proven safety and efficacy. Detection of immunogenic frac-
tions of such profiles verifies the immunological functionality 
of product batches. 

Here, we have used SDS-PAGe in conjunction with immu-
noblotting to evaluate the potential of this scheme for consist-
ency testing of batches of various groups of veterinary vaccines 
which currently require compromising or lethal in vivo tests in 
laboratory animals.
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Biomarkers are key elements for clinical diagnosis and prog-
nosis of disease, and may also be therapeutic targets. tumor 
biomarkers strongly associated with the progression of cancer 
from benign to malignant disease have already been identi-
fied successfully (Barraclough et al., 2010; Liu et al., 2005, 
2002, 2000). One promising biomarker is the secreted, steroid 
hormone-regulated anterior gradient 2 protein, AGR2 (liu 
et al., 2005). Although involved in amphibian development 
and limb regeneration (Kumar et al., 2007), AGR2 is a widely 
overexpressed protein in human carcinomas (Smirnov et al., 
2005; Zhang et al., 2005). Importantly, human AGR2 causes 
a metastatic phenotype in an in vivo model system (liu et al., 
2005) and the presence of AGR2 protein in primary breast 
tumors is strongly associated with reduced patient survival 
(Barraclough et al., 2009). Our newly developed AGR2 sand-
wich ELISA immunoassay has shown for the first time that 
serum AGR2 protein is elevated in the plasma from patients 
with early cancer, in this case ovarian cancer (edgell et al., 
2010), and opens up the possibility of a prognostic AGR2 
blood test. However, the AGR2 elISA assay, in common with 
widely-used elISA immunoassays generally, has an inher-
ent limit of detection and also uses large amounts of animal-
sourced antibodies. 

For decades, antibodies, which can only be produced from 
animals, have played an important role in routine clinical di-
agnosis and more recently in therapy. However, millions of 
animals are sacrificed to supply antibodies each year around the 
world. Thus, it is necessary to find an alternative way to replace 
animal antibodies. 

Antibodies have been used because they can recognise tar-
get antigens with high affinity and specificity. Aptamers are 
small synthetic chemicals that can bind to a target molecule 
with high affinity and specificity through their highly or-
ganised three-dimensional structures(ellington and Szostak, 
1990; tuerk and Gold, 1990). Most importantly, unlike the 
production of antibodies, the whole procedure including iso-
lation and production of aptamers does not use animals at all. 

therefore, the emerging aptamer technology has the poten-
tial to provide an exciting alternative approach to replacing 
animal antibodies that could save millions of animals being 
killed each year worldwide in the future. 
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In the field of in vitro alternatives in toxicology, several alterna-
tive methods for acute local health effects have already been 
validated. In contrast, sensitization and other repeated dose end-
points have remained a significant challenge. However, recent 
progress with in vitro assays in skin sensitisation toxicology has 
resulted in the development of test methods which could make a 
valuable contribution to the replacement of the existing animal 
tests. these approaches comprise the Direct Peptide Reactiv-
ity Assay (DPRA), the Myeloid U937 Skin Sensitization test 
(MUSSt) and the human Cell line Activation test (h-ClAt). 
each of these test methods has been the subject of substantial 
evaluation, including inter-laboratory assessments, and their 
status of development has led to their acceptance by eCVAM 
for inclusion in a Prevalidation Study in which the three test 

methods will be challenged with a set of coded chemicals in 
three laboratories each: the lead laboratory which submitted the 
test to eCVAM and two naïve laboratories. 24 chemicals will 
be tested once in each laboratory for the assessment of the be-
tween-laboratory reproducibility. A subset of 15 chemicals will 
be assessed a further two times, for evaluation of the within-
laboratory reproducibility. It is anticipated that results from the 
DPRA will be available late in 2010, whereas results from the 
cell based assays will be delivered for independent review dur-
ing 2011. Assuming a successful outcome, future activity will 
require consideration of how to deploy these assays in a struc-
tured assessment of skin sensitization potential. An overview of 
the study organisation and progress will be provided.

Keywords: skin sensitisation, validation
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Cutaneous esterases play an important role in the activation of 
prodrugs and in the biotransformation of xenobiotics. For ex-
ample, they allow prodrugs to penetrate the skin barrier as li-
pophilic compounds before being hydrolysed to the active com-
pound to produce the therapeutic effect.

the aim of the study was to develop a quantitative assay meas-
uring esterase activity in human keratinocytes and fibroblasts, 
ex vivo skin and reconstructed human skin models. Fluorescein 

diacetate (FDA), a non-fluorescent substrate, was chosen as a 
suitable metabolic probe, which is rapidly hydrolysed by este-
rases to the fluorescent product fluorescein. Primary cells were 
obtained from juvenile foreskin and grown on 96-well plates 
until they reached confluence. Following addition of increasing 
concentrations of FDA, fluorescein emitted fluorescence was 
monitored in a microplate reader over time. The specification 
of reaction time was of crucial importance for the determina-
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Allergic contact dermatitis is induced by repeated skin contact 
with an allergen (hapten, pro-hapten or complete allergen). As-
sessment of the skin sensitizing potential of chemicals, agro-
chemicals and cosmetic ingredients is crucial to define their 
safe handling and use. Up to now, guinea pigs have been used 
to identify a skin sensitizing potential. And, more recently, the 
llNA was established as an alternative method in mice. Ani-
mal welfare (which is also reflected in current legislation, such 
as the 7th Amendment to the Cosmetics Directive as well as 
ReACH) demands animal free alternatives. the mechanisms 
of induction and elicitation of skin sensitization are complex. 
Briefly, the contact allergen needs to penetrate the skin and to 
be either reactive towards endogenous proteins itself (hapten) 
or must be metabolically activated in the skin (pro-hapten). the 
following events involve the activation of dendritic cells (DC), 
the upregulation of co-stimulatory cell surface markers (e.g. 
CD86), the secretion of cytokines and migration of DC into 
lymph nodes. to account for the multitude of events in the in-
duction of skin sensitization, an in vitro test system will consist 
of a battery of different tests.

Within our laboratories we have established methods to as-
sess dermal penetration in vitro (OeCD test guideline 428) 
and metabolic capacities of rat, human and porcine skin (re-
viewed by Oesch et al. 2007). Currently, we are performing 
in house validations of four in vitro assays addressing three 
different events during induction of skin sensitization. 1) the 

peptide reactivity assay according to Gerberick et al. (2004) 
using synthetic peptides and HPlC analysis. 2) two dendritic 
cell activation assays (DCAA) based on the dendritic cell like 
cell lines U-937 and THP-1 and flow cytometric detection of 
the maturation markers CD54 and/or CD86 (Ashikaga et al. 
2006; Python et al. 2007; Sakaguchi et al. 2006). 3) ARe-
dependent gene activity in a HaCat reporter gene cell line. 
We present the results of our validation of these assays with 
more than 40 substances of known sensitizing potential (in-
cluding the performance standards defined for the LLNA). 
The sensitivity, specificity and accuracy of the individual 
tests were obtained by comparison to human epidemiologi-
cal data as well as to data from animal tests, such as the local 
lymph node assay.
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tion of the enzyme kinetics. Initial reaction rates were used for 
the calculation of the maximum transformation velocity (Vmax) 
and Michaelis Menten constant (Km). Data were normalised for 
total protein content. As expected, a higher esterase activity was 
observed in keratinocytes, which are superior in the cleavage of 
e.g. glucocorticoid esters.

latest investigations addressed the esterase activity in human 
skin ex vivo and commercially available 3D skin models. In 
conclusion, the assay for FDA hydrolysis provides an accurate, 
reliable, and reproducible in vitro test to determine esterase ac-
tivity in human monolayer cell cultures and reconstructed hu-

man skin models. Homogenised skin tissues show an increased 
esterase activity compared to monolayer cell cultures.

References
Gysler, A. et al. (1997). Prednicarbate biotransformation in 

human foreskin keratinocytes and fibroblasts. Pharm. Res. 
14(6), 793-797.

lombardi Borgia, S. et al. (2008). In vitro skin absorption and 
drug release – a comparison of six commercial prednicarbate 
preparations for topical use. Eur. J. Pharm. Biopharm. 68, 
380-389.



AbstrActs Linz 2010

Altex 27, Suppl. 2/10 21

Keywords: sensitization, in vitro, in house validation, dendritic cell activation, peptide reactivity, ARE reporter cell line

Python, F., Goebel, C. and Aeby, P. (2007). Assessment of the 
U937 cell line for the detection of contact allergens. Toxicol-
ogy and Applied Pharmacology 220(2), 113-124.

Sakaguchi, H., Ashikaga, t., Miyazawa, M. et al. (2006). De-

velopment of an in vitro skin sensitization test using human 
cell lines; human Cell line Activation test (h-ClAt). II. An 
inter-laboratory study of the h-ClAt. Toxicol. In Vitro 20(5), 
774-784.

Poster

Introduction of a new reconstructed human epidermis 
with integrated functional primary melanocytes
Bernd Becker0, Jens Hoffmann0, Eckhard Heisler1, Sascha Hopf 0, Oliver Engelking0  
and Horst Fuchs0

0Cellsystems Biotechnologie Vertrieb GmbH (St. Katharinen) (De); 1evonik Stockhausen GmbH (Krefeld) (De)

Contact: bbecker@advancedcellsystems.com

the development of novel cosmetics for skin tanning or bleach-
ing is an important issue for cosmetic and chemical industry. 
the active ingredients used in these products have to be tested 
for efficacy and product safety. 

Here we present a new reconstructed epidermis with integrat-
ed melanocytes, which is based on the already established tech-
nology of epidermal Skin test 1000 (eSt1000, CellSystems, 
Germany). We tested different ratios of melanocytes and kerati-
nocytes for the production of skin models and used melanocytes 
from different ethnic groups. to demonstrate the physiological 
behaviour of the newly developed epidermal model we success-

fully stimulated the melanin synthesis with chemical inducers 
or UV-radiation. Blocking the melanin synthesis by chemical 
inhibition of the tyrosinase activity demonstrated that tanning 
of the models depends on the specific activity of melanocytes. 
Finally, the melanin content could be correlated with different 
tanning intensities. 

this epidermis model can be cultivated for at least weeks 
and allows short term as well as long term studies. We con-
clude from these results that CellSystems’ newly reconstructed 
epidermis with integrated melanocytes is a good tool to study 
tanning and bleaching of the skin.
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there is rising concern about the effects of environmental con-
taminants (eC), many of them oestrogen-like substances, on the 
reproductive function of animals and humans. Although standard 
screening assays for eC are available, they might not reveal the full 
physiological relevance of the potential harm of those compounds 
with respect to oocyte maturation and fertilisation. Moreover, to 
screen for reproductive and developmental toxicity, a substantial 
amount of experimental animals is being used. the immature oocyte 
(in germinal vesicle stage) is a very susceptible cell considering that 
it still needs to complete the final stages of nuclear and cytoplasmic 
maturation before it can properly support fertilisation and the early 

stages of embryo development. Previously, we demonstrated by us-
ing the in vitro oocyte maturation system (IVM) that even physi-
ological concentrations of 17β-estradiol can be deleterious for the 
final maturation of oocytes (malformation of the meiotic spindle) 
if those oocytes are exposed in an abnormal window of exposure. 
therefore, it can be expected that a chronic exposure of woman to 
environmental oestrogens may affect spindle formation and chro-
mosome segregation in vivo as well. 

Our hypothesis is that the IVM could contribute to an integrated 
testing strategy (ItS) for screening chemicals that affect female fer-
tility. Furthermore, by using ovaries from slaughterhouse waste, it 
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could also contribute to reducing the number of experimental ani-
mals being used for such studies.

We have selected compounds with a known mechanism of action 
(i.e. cycloheximide, estradiol, DeS, cadmium chloride) to be tested 
in this system. As the first step to investigate this proof of principle, 
we cultured bovine oocytes, harvested from slaughterhouse ovaries, 
in M199 medium at 39°C for 22 h under 5% CO   and in the presence 
of the following concentrations of cycloheximide (CHx), a known 
protein synthesis inhibitor: 0.75; 0.60; 0.45; 0.30; 0.15 and 0 µM. 
the toxicological endpoint was the ability of the oocyte to reach the 
metaphase II stage (i.e. the final stage of maturation). In addition, we 
investigated the general cytotoxicity of CHx using the Mtt test. 

Our results show no general cytotoxicity of CHx at any of the 
concentrations used. Meiosis was inhibited in a dose-dependent 
manner and the eC50 for CHx was 0.55 µM, much lower than the 

concentration used to block protein synthesis in somatic cells, indi-
cating the high sensitivity of the oocyte to express toxicity. 

the next step is to extend this investigation to other selected 
compounds and to combine functional parameters with the use of 
proteomics and transcriptomics to obtain mechanistic insights into 
oocyte maturation and the effect of chemicals hereon. It is expected 
that markers derived, along with functional parameters, can form a 
powerful assay for the in vitro prediction of reproductive toxicity. 
In conclusion, we believe that the use of the IVM assay can grant a 
powerful and physiological model in an ItS of effects of chemicals 
on female fertility. 
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Plasma Medicine is a fairly new, highly interdisciplinary field of 
research on the numerous biomedical applications of plasma tech-
nologies. Reports from many countries prove that low temperature 
plasma can assume a highly beneficial position in different aspects 
of medicine, e.g. sterilisation/decontamination, wound healing 
(Kramer et al., 2009; Matthes et al., 2009), oncology (induction 
of apoptosis), dermatology (lademann et al., 2009), dental ap-
plications and some veterinary fields. Even though knowledge 
on plasma-based biomedical mechanisms, the right dosages and 
treatment times is sparse, animal experiments have been carried 
out and many more have been applied for. to follow the 3Rs, it is 
unconditionally necessary to define methods for the screening of 
plasma parameters. 

to determine a reliable test and validate the use of nonthermal 
atmospheric pressure plasma on chronic wounds, a new approach 
for testing plasma interactions was chosen. We tested in vivo ef-
fects using the CAM (chorioallantoic membrane) of the developing 

chicken embryo as an alternative to traditional mammalian models 
and we have adopted the Reconstructed human epidermis (Rhe) 
to assess cytotoxicity in vitro, so that the different qualities of the 
conclusions complement one another. The modified CAM-assay 
served as a model for the plasma’s effects on angiogenesis and as 
an alternative inflammation model.

effects of varying intensities, provoked by using an HF Plasma 
Jet, corresponded to exposure times. In the CAM-assay, depending 
on the intensity of the induced inflammation, the effects were com-
pletely or partially reversible or led to scarring (Bender et al., 2010). 
the Rhe was used to assess the time dependent cytotoxicity effects 
of plasma on NHeK cells (normal human epidermal keratinocytes), 
also regarding reversibility. 

To conclude, the modified CAM-assay and the RhE are suitable 
for screening plasma sources and parameters for medical applica-
tions of plasma: the additional findings allow the determination of 
plasma parameters for application of plasma to chronic wounds.
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Some see the compulsory inclusion of an animal welfare section 
in papers describing animal experiments as another burden for 
scientists (Jimenez, 2007). Fortunately, others disagree with this. 
Not only would such a section allow scientists to detail their meas-
ures to minimise suffering and numbers of animals used (Würbel, 
2007), since many factors influence the animal’s biological func-
tioning (Sherwin, 2007), but it would also improve the reproduc-
ibility of the experiments by others or even prevent the repetition 
of animal experiments. Furthermore, the detailed and proper de-
scription of any measure to minimise pain and distress would not 
only benefit the experimental animals, but also other researchers as 
an educational tool (Olssson et al., 2007).

Several studies reported on journal policies with regard to ani-
mal experiments and the welfare of the animals used. the current 
report follows up on three of these: Boisvert, 1977; Festing and 
Van Zutphen, 1999, and Van Boxel and Hendriksen, 2007.

This study involved 139 journals, covering the whole field of 
biomedical research. Journal instructions to authors were assessed 
regarding the presence of several criteria including: statement that 
a relevant animal ethics committee has approved the animal study, 
specific guidelines have been followed, description of anaesthesia 
and euthanasia and consideration of 3Rs alternatives. Depending 
on the quality and specificity of the journal’s instructions, weigh-
ing factors were awarded for each criterion. the maximum value 
that could be obtained was 26. 

None of the studied journals reached this value. to summarise, 
28% of the studied journals have no specific requirements for de-
scribing animal experiments, 47% of the journals request brief 
information and 22% request comprehensive information on the 
animal studies performed. In comparison to the previous studies 
an increased number of journals required information: from 49% 
(Boisvert, 1997) and 62% (Van Boxel and Hendriksen, 2007) to 

81% (current study). Also with regard to comprehensive informa-
tion an improvement was observed: 16% (Festing and Van Zut-
phen, 1999), 13% (Van Boxel and Hendriksen) and 22% (current 
study). In addition, an improvement is seen with regard to brief 
requirements: 25% (Festing and Van Zutphen, 1999), 46% (Van 
Boxel and Hendriksen, 2007) and 47% (current study).

In conclusion, progress is seen with regard to requirements of 
journals to detail animal studies in published studies with experi-
mental animals. Still, most journals lack sufficient criteria to es-
tablish whether all 3Rs have been considered and how these were 
applied. 

the next step would be that both referees and editors seriously 
assess whether the requirements have been fulfilled. It has been 
shown that some journals with strict requirements do not seem to 
adhere to these (Olsson, Hansen and Sandoe, 2007). 
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Photodynamic therapy presents a promising alternative method 
of cancer treatment. this therapy is based on selective uptake 
or retention of a sensitizer in the tumour tissue and cytotoxic 
effects of the sensitizer in combination with light. Porphyrins 
present a group of photodynamic agents which sensitize cells so 
that they are damaged when exposed to light. light leads to a 
photochemical reaction which converts O2 to cytotoxic 1O2 and 
other forms of reactive oxygen species (ROS).

the comet assay (also called single-cell gel electrophoresis, 
SCGe) is a sensitive, simple and quantitative technique for 
detection of DNA damage. the comet assay can be used for 
detection of DNA damage caused by single and double strand 
breaks, oxidative DNA base damage, DNA-DNA/DNA-protein/
DNA-drug cross-linking or DNA repair. the DNA damage is 
presented by the amount of unwound DNA fragments which re-
sembles a “comet” with a distinct head and tail. the head con-
sists of intact DNA, while the tail is created of broken fragments 
of DNA or relaxed chromatin. the amount of the DNA damage 
is directly proportional to the amount of DNA liberated from the 
head. the degree of DNA damage can be assessed manually or 
automatically using appropriate scoring software.

In our study we investigated the phototoxicity of the two por-
phyrin photosensitizers tPPS4 and MgtPPS4 on Hela cells. 
three different irradiation doses of 1, 15 and 30 Jcm-2 emit-

ting from leDs with an emission wavelength maximum of 414 
nm were used. the concentrations of the photosensitizers were  
0.1, 0.5, 1, 5, 10, 50 and 100 μmol. Our results show that the 
DNA of the cells treated with the tPPS4 and MgtPPS4 at con-
centrations higher than 5 μmol was highly fragmented, indicat-
ing a strong phototoxic effect resulting in cell apoptosis. On the 
basis of our results we can hypothesize that even the irradiation 
dose of 1 Jcm-2 is sufficient to induce DNA fragmentation.

this work was supported by the grant projects NS9648-
4/2008 from the Ministry of Health, MSM 6198959216 from 
the Ministry of education, Youth and Sports of the Czech Re-
public, 303/09/H048 from the Czech Science Foundation and 
CZ.1.05/2.1.00/01.0030.
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High exposure to persistent organic pollutants (POPs) have 
in subjects with a short androgen receptor (AR) CAG repeat 
(<20) been associated with low sperm counts (Giwercman et 
al., 2007). Since the CAG repeat regulates the AR’s transcrip-

tional activity (Nenonen et al., 2009), which these pollutants 
have the ability to inhibit (Kelce et al., 1995), we investigated 
their direct effects on the hormone induced AR activity and 
content. 
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Primary hepatocytes in culture undergo a progressive dete-
rioration of their specific phenotype, including xenobiotic bi-
otransformation capacity, which largely restricts their applica-
tion to short-term studies (Vanhaecke, 2005). Our group has 
shown that interfering with epigenetic determinants of hepa-
tocellular gene expression, e.g. reversible histone acetylation 
and DNA methylation, is a promising strategy to maintain the 
in vivo-like differentiated phenotype of cultured hepatocytes 
over the long term (patent Ct/eP2004/0012134). Since mi-
croRNA species have recently joined in as master regulators 
of the epigenetic machinery (Costa, 2008), it was thought con-
ceivable that their modulation could also be a potential strat-
egy to achieve this purpose.

In the present study, we therefore investigated the effect of 
the histone deacetylation inhibitor trichostatin A (tSA) on the 

expression of this family of small non-coding RNAs, with spe-
cial focus on miR-122, being the most important liver-specific 
microRNA (Chang et al., 2004).

As shown by microarray analysis and qRt-PCR, the expres-
sion of miR-122 decreases as a function of time in primary 
rat hepatocyte cultures. However, upon exposure to tSA, 
miR-122 expression was retained at a higher level compared 
to control conditions. this effect was accompanied by a bet-
ter maintenance of the in vivo-like morphological features of 
hepatocytes, as well as their albumin secretion capacity.

In conclusion, these preliminary results indicate that miR-
122 expression is affected by epigenetic regulators such as 
tSA, resulting in prolonged phenotypic stability of the hepa-
tocytes in culture. A direct causal relationship between this 
differential expression of miR-122 and possible liver-specific 

the ability of ARs containing CAG repeats within the nor-
mal range (16, 22 and 28) to activate a reporter gene in the 
presence of 10 nM 5α-dihydrotestosterone and the POP mark-
ers 2,2´,4,4´,5,5´-hexachlorobiphenyl (CB-153) and 1,1-bis-
(4-chlorophenyl)-2,2-dichloroethene (p,p’-DDe) separately 
or in combination was measured. the concentrations used had 
previously been measured in serum from the highly POP ex-
posed Greenland Inuit population, but also 10 and 100 times 
higher concentrations were tested. AR protein content was 
analysed by enzyme-linked immunosorbent assay (elISA) 
and total protein was analysed by Bradford protein assay. the 
experiments, which were carried out 6-8 times in duplicates, 
were adjusted for total protein amount. Friedman’s and sign 
tests were used for statistical analyses.

A short CAG together with high p,p’-DDe exposure affected 
AR activity with 23% repression (p=0.02). No statistically sig-
nificant changes in activity were observed after single exposure 
to CB-153. A combination of p,p’-DDe and CB-153 hampered 
the activity of the long CAG (-24%, p=0.02). After addition of 
10x the concentration of the POP combination, a decrease in 
activity for all variants was observed, although not statistically 
significant. An even higher concentration of the POP combina-

tion (100x) resulted in markedly reduced activity for all CAG 
repeat lengths (16CAG,-76%; 22CAG,-74%; 28CAG,-62%; 
p=0.03 for all). AR protein was decreased at both 10x and 100x 
the POP concentration. 

these results indicate that POPs, in concentrations humans 
are exposed to, can inhibit AR action depending on CAG repeat 
length, whereas higher doses inhibit both the AR function and 
restrain AR protein formation. 
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Nanoparticles (NPs < 100nm) show promising features for 
pharmaceutical applications. However, biomedical applications 
of NPs require a detailed understanding of potential interactions 
with biological systems. One important route of entry into the 
body is pulmonary inhalation, which could potentially be used 
for biomedical applications. to analyse particle-cell interactions 
within in vitro cell studies, a dose-controlled system for delivery 
of NPs to lung cell cultures is required. A new air-liquid inter-
face cell exposure (AlICe) system has been developed, allow-
ing a dose-controlled deposition of NPs on top of the cells (lenz 
et al., 2009). this system has been shown to mimic the aerosol 
inhalation very realistically.

the AlICe system was combined with either a human triple 
cell co-culture system, composed of epithelial cells, macrophag-
es and dendritic cells simulating the most important barrier func-
tions of the lung epithelial airway (Rothen-Rutishauser, 2008), 
or with epithelial mono-cultures only. the cells were exposed 
to 15 nm gold particles, which show promising features for bio-
medical applications. Oxidative stress and pro-inflammatory ef-
fects were analysed at concentrations of 61 ng Au/cm2 and 561 
ng Au/cm2 deposition, but no adverse effects were found after 4 
h and 24 h exposure time (Brandenberger et al., 2010). 

the intracellular particle distribution over time was quan-
titatively evaluated by stereology on electron microscopic 
images and compared to particle uptake under submerged 

conditions. The analysis revealed a significant, non-random 
intracellular NP distribution. NPs were localised in intracellu-
lar vesicles, but not in the nucleus, mitochondria, endoplasmic 
reticulum or Golgi apparatus. Only a minority of gold NPs was 
found free in the cytosol. However, when NPs were exposed 
under submerged conditions, an increased NP agglomeration 
was observed. this can lead to differences in cellular NP up-
take mechanisms, hence influencing particle-cell interactions. 
In addition, it was found that particle-cell interaction was re-
duced under submerged exposure conditions, since not all NPs 
suspended in the cell culture medium were able to deposit on 
the cells.

With the ALICE system, it is therefore possible to reflect 
the physiological conditions of aerosol inhalation and deposi-
tion more precisely. No adverse effects from gold NPs were 
observed. By using a stereological analysis the intracellular 
particle number, localisation and intracellular trafficking can be 
quantified.
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target genes and their biological functions remains to be es-
tablished.
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the development of cell-based assays (CBAs) for toxin detec-
tion in natural samples (fish, shellfish, microalgae) has important 
methodological implications and represents a clear advance-
ment in hazard identification. In natural samples, both the toxic 
compounds and the accompanying matrix itself may cause cell 
death, and thus the availability of a specific CBA for a given toxin 
family is crucial for diagnosis purposes. Specificity can be un-
derstood as the modulation of determined signalling pathways 
involved in the action of toxic compounds in order to enhance or 
hinder their cytotoxicity, an effect that will not be observed in the 
absence of the given toxin. the neuroblastoma (Neuro-2a) CBA 
for neurotoxins (ciguatoxin, saxitoxin, brevetoxin) as originally 
described in Manger et al. (1993) is one of the best established 
and most widely used CBA for neurotoxin detection in natural 
samples. the assay is based on the use of ouabain and veratridine 

that enhance or block Na+ influx induced by neurotoxins. Another 
CBA with Neuro-2a cells is used for the detection of maitotoxin 
based on the antagonistic effect of SK&F 96365 (blockage of the 
intracellular Ca2+ influx) on the MTX-induced toxic effects. Ex-
amples of application of both CBA in fish and microalgal samples 
are presented. those assays are likely to identify the presence of 
ciguatoxins (P-Ctx-1) and maitotoxin in natural samples with 
high specificity and high sensitivity (limit of quantification for 
P-CTX-1 in fish sample = 0.0096 ppb).
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During drug development, the pharmacokinetic parameters of a 
compound are determined in animal experiments. to reduce the 
number of animal experiments, in vitro and in silico approaches 
are needed that can help predict the kinetics in vivo. to make 
full use of these in vitro kinetic data, it is also necessary to fully 
understand the kinetic behaviour of the compound in the in vitro 
system. therefore, the aim of this project, part of the european 
project Predict-IV, is to improve our understanding of the kinet-
ics of compounds in in vitro test systems.

the absorptive and secretory transport of chlorpromazine hy-
drochloride (CPZ) across Caco-2 cell monolayers was measured 
and the influence of bovine serum albumin (BSA) applied ba-
solaterally was determined. A negligible depletion-solid phase 
micro extraction (nd-SPMe) method was developed to measure 
the free concentration of CPZ in the medium and to correct the 
Caco-2 permeability results for protein binding. All samples 
were measured by HPlC-UV.

the nd-SPMe measurements showed that 90% of chlorpromazine 
is bound to proteins (KBSA=276 l/kg) and that the solubility limit in 
HBSS is 450 mg/l. transport of CPZ was concentration-dependent; 
the average efflux ratio was 3.5, indicating active efflux transport. 
the basolateral addition of BSA decreased the secretory transport 
values, lowering the efflux ratio to below 1. However, correcting 
the secretory transport values for protein binding increased trans-
port values, giving an efflux ratio above 1 again. Because of low 
recoveries, the amount of CPZ inside the Caco-2 cells and bound to 
the plastic well were taken into account. this increased CPZ recov-
ery from 50-89% to 77-97%.

In conclusion, BSA needs to be added to the basolateral compart-
ment of the Caco-2 system to better mimic the in vivo situation. then, 
when transport of lipophilic compounds is measured, the transport 
rate should be corrected for protein binding. Additionally, when a 
poor mass balance is found, the amount of compound inside the cells 
and bound to the plastic well should be taken into account. 

Keywords: Caco-2 cells, chlorpromazine, nd-SPME, free concentration
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The new EU regulation for chemicals, REACH, specifically re-
quires the development of alternatives in order to reduce and 
eventually replace studies on vertebrates. At the moment the cell 
transformation assay performed on rodent cell lines (BAlB/c 
3t3 or C3H10t1/2) or primary cells from Syrian Hamster is 
regarded as the only possible in vitro alternative to animal test-
ing for carcinogenesis studies. Cell transformation assays have 
been proposed as screening tests for the carcinogenic potential 
of compounds for which there is no evidence of genotoxicity 
(OeCD, 2007) and are listed among the ReACH methods, as 
reported in eU regulation eC 440/2008.

For the last 20 years we have tested many chemicals and com-
plex mixtures by using BAlB/c 3t3 A 31 cells in different ex-
perimental protocols (Colacci et al., 1990; Mascolo et al., 2010). 
Recently, several scientists proposed to switch to the BAlB/c 
3t3 A 31-1-1 cell clone to develop a validated protocol to  
fulfil REACH requirements. The present study was performed 
with the aim of comparing the results obtained with the two dif-
ferent clones. Cells were treated with PAHs (3-MCA 2.5 µg/ml, 
B(a)P 2.5 µg/ml) and aloethanes (1,2-DBe 50 µg/ml). the in-
duction of cytotoxicity and the onset of chemically transformed 
foci were evaluated by two different experimental protocols: i) 
the originally recommended protocol (Kakunaga, 1973; IARC/
NCI/ePA Working Group, 1985), where cells were seeded at 
10,000 cells/60 mm dish and exposed to chemicals in the cul-
ture medium for 72 h; ii) an improved protocol aiming at reduc-
ing the toxicity of the chemical treatment, where the number of 
seeded cells was increased from 10,000 to 30,000 per dish and 
the cell treatment started two days later and lasted 48 h instead 
of 72 h (Matthews et al., 1993). In both treatment schedules, 
at the end of the exposure, the treatment medium was replaced 
with complete medium and the cultures were maintained for  
4-6 weeks to allow the expression of transformed foci. 

the two clones differed regarding their response to chemi-
cals, probably because of the different metabolising capacity. 
the A31-1-1 cells showed a higher inherent transformation 
rate after PAH treatment, but they were insensitive to 1,2-DBe. 
As DBe is bioactivated to reactive forms able to bind DNA 

mainly through the conjugation with intracellular glutathione 
(Guengerich, 2003), these results suggested a reduced activity 
of phase-2 enzymes involved in gluthatione conjugation in A31-
1-1 cells.

Our results seem to suggest that in vitro cell transformation 
protocols performed under ReACH regulation should take into 
account the different sensitivity of BAlB/c 3t3 clones to dif-
ferent classes of chemicals. 
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Most in vitro cell models for long term testing of chemicals suffer 
from at least two shortcomings: 1) the failure of reproducing the 
in vivo physiological characteristics of the corresponding tissues, 
such as in the case of immortalised cell lines. 2) A limited shelf-
life, for example, freshly established primary cell cultures. 

epithelix has developed and is commercialising on a world-
wide scale a standardised air-liquid interface in vitro cell model 
of the human airway epithelium (MucilAir™) that is free from 
these limitations. MucilAir™ is morphologically and function-
ally differentiated and can be maintained at a homeostatic state 
for more than one year. the typical ultra-structures of the hu-
man airway epithelium, such as the tight junctions, the cilia, the 
basal cells, the mucous cells, can be observed. the epithelium 
is electrically tight (TEER ≈ 450 ohm.cm2). Classical airway 
transporters and CypP450s are expressed and functional. the 
ion channels are fully functional and respond normally to their 
specific inhibitors and activators. Moreover, the epithelial cells 
react to pro-inflammatory mediators in a physiological manner 
(Huang and Caulfuty, 2009). the epithelia can be stimulated 
regularly with inflammatory substances to simulate chronic in-
flammatory reactions for up to several months. A large panel of 
cytokines, chemokines and metalloproteinases has been detect-
ed in MucilAir™ (e.g. IL-8, IL-6, GM-CSF, MMP-9, GRO-α, 
etc.). Remarkably, the epithelium has a strong capacity for re-
generation after mechanical or chemical injuries. epithelia from 

several different pathologies can be reconstructed (e.g. asthma, 
COPD, CF, smoker, etc.) (Huang et al., 2009).

Due to its unique long shelf-life of one year, this model is 
used for studying human respiratory diseases and to test long-
term/chronic effects of drugs/chemicals on the respiratory tract 
(Maier, 2010). late effects of chemicals (several weeks after 
exposure) can be observed. Several applications of MucilAir™ 
relevant to inhalation toxicity assessment will be presented:
–  Acute, long-term and chronic toxicity testing 
–  Inflammatory effect assessment – examples of 2 months ex-

posure study
–  Assessment of reversible vs. irreversible effects of chemicals
–  Recent advances in the detection of airway sensitization and 

irritation
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Pseudomonas aeruginosa may cause acute infections in intubat-
ed patients or chronically infected patients with cystic fibrosis 
(CF). P. aeruginosa has been shown to adapt to these particular 

lung environments by progressive phenotypic modulation, in 
particular genetic inactivation of lasR. Whether these adaptive 
changes affect virulence is classically tested by infecting model 
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In line with the 7th amendment of the Cosmetics Directive 
deadlines, the european Union is banning the in vivo skin ir-
ritation assessment on ingredients for cosmetic purposes. eu-
ropean legislation has heightened the need for accepted in vitro 
skin irritation tests to replace the regulatory Draize skin irrita-
tion test. the reconstructed human epidermis epiSkin and Ski-
nethic RHe “42 bis” test methods were validated by eCVAM 
as stand alone replacement tests for the prediction of acute skin 
irritation, discriminating irritant (category 2) and not classified 
substances according to both former and recently implemented 
Global Harmonization System (GHS) classifications applied in 
europe. therefore, the test methods were endorsed in the eU 

test method B.46 and in the draft in vitro skin irritation OeCD 
test Guideline. evaluation using these methods directly ad-
dresses the initial step of the inflammatory cascade/mechanism 
of action, i.e. cell and tissue damage resulting in localised trau-
ma. The global predictive capacities (specificity, sensitivity and 
accuracy) of the epiSkin (designated the Validated Reference 
Method in the OeCD guideline) and the Skinethic RHe meth-
odologies demonstrate that they are applicable to a wide range 
of physico-chemical substances and mixtures.

animals (typically mice or rats). this creates a serious ethical 
problem and at the same time a strong limitation to research, 
since only a limited number of strains can be analysed in this 
way. We show here that the use of an alternative model organ-
ism, the amoeba Dictyostelium, circumvents the need for animal 
experiments while providing high-quality data that could not be 
obtained using animals. 

We analysed a collection of clinical isolates from 16 CF 
patients and from 10 intubated patients for their virulence in 
a Dictyostelium discoideum amoeba model. Virulence was as-
sessed by following growth of D. discoideum on a lawn of P. 
aeruginosa bacteria for 10 days, and scored on a scale from 0 
(avirulent) to 8 (virulent).

With one exception (a CF patient), all initial isolates, whether 
from CF or from intubated patients, were virulent (score = 8). 

For eight CF patients, no decrease in virulence was observed in 
the two late samples, while for the remaining seven CF patients 
at least one of the two late isolates was significantly less viru-
lent. Isolates from eight out of the ten intubated patients were 
virulent at all times analysed. In two intubated patients fewer 
virulent isolates were seen within a few days (score 4 to 0). 
Mutations in the quorum sensing regulator LasR were identified 
both in CF and non-CF isolates; however their presence did not 
correlate with loss of virulence. 

loss of virulence is not the main driving force for the adap-
tation of P. aeruginosa to the human host and does not occur 
predominantly through mutations in lasR. this study illustrates 
how use of an alternative host model can replace the use of ani-
mals to investigate key questions concerning bacterial infection 
of patients. 

Keywords: skin irritation, EpiSkin, SkinEthic RHE, validation
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The process of drug development involves specific testing pro-
tocols assessing the toxicity of lead compounds and their deriv-
atives. Current preclinical toxicity testing which has predictive 
value is mainly carried out in animal models. It has however 
some major disadvantages, being highly time consuming and 
requires a large amount of animals and test compound and is 
therefore associated with high costs. the development of an al-
ternative/complement to in vivo animal toxicity testing, namely 
in vitro human cell line alternatives is an important effort to 
optimise costs and deliver more predictive outcomes. 

to this end we have developed such an in vitro human cell 
line system for renal toxicity testing. Importantly the kidney, 
and particularly the proximal tubule epithelium, is sensitive to 
alterations in oxygen tension. Many chronic renal diseases have 
elements of hypoxia due either to vasoconstriction or fibrosis. 
Signalling mechanisms and cellular process altered by hypoxia 
are known targets for nephrotoxin action. therefore, in addition 
to profiling the toxicity of a panel of nephrotoxins, we examined 
the influence of hypoxia as a model of compromised renal tissue 
in the human proximal tubule cell line RPteC-teRt1.

RPteC-teRt1 cells were grown on 96 well plates cultured 
for more than 10 days after confluence to achieve a differentiat-
ed proximal tubule phenotype. Cells were treated with Adefovir 
Dipivoxil, Adefovir, Cidofovir, tenofovir, Ibandronate, Zoledr-
onate, Clodronate, Acyclovir, Vancomycin, Cadmium, Cispla-
tin, Cycosporine A and Diquat across a dose response range 
(5 concentrations) every day for 14 days (repeat bolus). Cell 
culture media was removed at 1, 3, 7 and 14 days and analysed 

for lactate levels. At 14 days, cells were processed for toxicity 
profiling through the analysis of Resazurin, ATP, Glutathione, 
lDH release and protein content. 

The profile of lactate release revealed a dose and time depend-
ent effect with nephrotoxin exposure in RPteC-teRt1 cells 
for a number of compounds and was most evident with Diquat. 
Analysis of the other toxicity endpoints revealed a complex pro-
file of dose dependent effects with compounds such as Adefovir 
Dipivoxil, Cidofovir, Zoledronate and Diquat displaying greater 
toxicity compared to others such as Vancomycin, which did not 
significantly alter any measured endpoint. For a large number of 
compounds concomitant exposure to hypoxia increased toxicity. 
this was most apparent with Cisplatin, Zoledronate and Adefo-
vir Dipivoxil. Compounds such as Diquat displayed no altera-
tion in toxicity in the presence of hypoxia, indicating compound 
specific toxic susceptibility. The mechanism through which in-
creased toxicity in hypoxia occurs is likely through a common 
target such as the mitochondria, injury to which is additive in 
conditions of reduced oxygen and nephrotoxin treatment. the 
contribution of altered glycolytic and ROS / glutathione activi-
ties may also be an important factor. 

therefore it is clear that environmental factors such as oxy-
gen can alter toxicity profiles in renal proximal tubular epithelial 
cells and suggests an important consideration when developing 
in vitro toxicity models. this is crucial in extrapolating to hu-
man pharmaceutical treatment as many patients have compro-
mised renal function to begin with.

Keywords: nephrotoxin, hypoxia, oxygen, proximal tubule
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the current battery of in vitro genotoxicity assays are thought 
to produce a high level of false positive results. Subsequent in-
vestigation of these results is generally done with in vivo ge-
notoxicity studies which are costly and time consuming. As of 
March 2009, the 7th Amendment to the eU Cosmetics Directive 
prohibits the use of in vivo genotoxicity tests in safety assess-
ments for cosmetics, meaning that many safe ingredients may 
be discarded because further investigation of in vitro positive 

results with animal studies is now impossible. to address this, 
the european Cosmetic toiletry and Perfumery Association 
(COlIPA) has initiated an international project to establish 
and evaluate more predictive in vitro genotoxicity assays using 
3D human tissues. One focus has been on the 3D human skin 
micronucleus assay (RSMN) in epiDermtM. Since skin is the 
first site of contact with maximum exposure to many different 
products including cosmetics, the RSMN assay offers the po-

Lecture in Session IX: New developments and novel methods 

An in vitro ocular testing strategy for US EPA  
registration of anti-microbial cleaning products
Rodger Curren
Institute for In Vitro Sciences, Inc. (Gaithersburg, MD) (US)
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In the United States, household and industrial cleaning prod-
ucts which make an “anti-microbial” claim must be registered 
with the ePA. this registration process generally requires the 
performance of animal tests, including ones for eye irritation, in 
order to provide the appropriate hazard labelling for the product. 
However there was strong interest from both the ePA and several 
companies producing cleaning products to investigate whether 
an in vitro testing strategy for ocular irritation of anti-microbial 
cleaning products (AMCP) could be developed which would 
provide sufficient information to determine an EPA hazard cat-
egory. As a result seven companies (Clorox, Colgate-Palmolive 
Company, the Dial Corporation, ecolabs, JohnsonDiversey, 
Inc., the Procter & Gamble Company, and S. C. Johnson & 
Son, Inc.) plus the Accord Group and the Institute for In Vitro 
Sciences (IIVS) began a collaboration to jointly develop a data 
set demonstrating the predictive capacity of an in vitro ocular 
testing strategy for the restricted applicability domain of AM-
CPs. Historical animal data for AMCPs and similarly formulated 
products were compared to data from three in vitro ocular test 
methods – the Bovine Cornea Opacity and Permeability (BCOP) 
assay, the Cytosensor™ microphysiometer (CM; Molecular De-

vices, Menlo Park, CA, USA) and the epiOcular™ 3-dimen-
sional tissue model (Mattek Corp., Ashland, MA, USA). Some 
of the in vitro data were from previously conducted studies, but 
new in vitro data were also generated using coded compounds to 
prevent bias within the testing laboratory. As part of a weight-
of-evidence approach, additional data from common AMCP in-
gredients and similarly formulated personal care products were 
analysed to help support the proposed prediction models (cut-off 
values) for the three proposed in vitro methods. Although exact 
names for the products of the participating companies were not 
given, a descriptive formulation was provided for almost all of 
these products (or combinations of ingredients). As a result of 
the data analysis, a testing strategy was proposed which utilised 
either a top/down, or a bottom/up approach. No test was shown 
to adequately differentiate between all four of the ePA hazard 
categories, but a combination approach using the BCOP assay 
and either the CM or epiOcular assay could place a product into 
any one of the four hazard categories. After an ePA internal re-
view, the ePA has proposed an 18-month pilot program under 
which new AMCPs can undergo the registration process using 
the in vitro ocular testing strategy described above. 

Keywords: eye irritation, regulatory use, testing strategies
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tential for a more realistic application/metabolism of test com-
pounds for evaluating genotoxicity (Curren et al., 2006; Mun 
et al., 2009; Hu et al., 2009). the COlIPA RSMN project is a 
multi-lab initiative which has involved Procter & Gamble (US), 
l’Oréal (France), Henkel (Germany) and the Institute for In 
vitro Sciences (IIVS, US). Intra-laboratory and inter-laboratory 
reproducibility have been investigated with model genotoxins 
mitomycin C and vinblastine sulfate, as well as a variety of 
chemicals that require metabolic activation. The first phase of 
testing with coded compounds has been successfully completed 
and a second round has begun. Results so far support this model 

as a promising new in vitro method for detecting micronuclei 
induction in human skin. 

this work is funded by the european Cosmetic Industry As-
sociation COlIPA.
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the 7th amendment to the Cosmetics Directive (76/768/eeC), 
adopted in 2003, was a political and social landmark in codify-
ing widespread concern among the european public about the 
use of animals in cosmetics testing. 

the amendment was the result of a lengthy political process 
and has faced a number of challenges since. In addition to pro-
hibiting animal testing within the european Union, the amend-
ment introduced a two-stage ban on the marketing of cosmetics 
containing ingredients tested on animals for human health ef-
fects, irrespective of the availability or regulatory acceptance of 
alternatives, with a final deadline of March 2013. 

the existence of these deadlines has provided a positive impetus 
for the development of alternatives and their use outside the cos-
metics sector, including meeting the requirements of other legisla-
tion such as ReACH. there is, however, widespread consensus that 
validated alternatives to the tests still permitted will not be avail-
able by 2013 and the european Commission is therefore expected 
to propose legislation in 2011 that may postpone this deadline. 

In addition to the scientific challenges posed by developing 
alternative methods, the continued use of animals for the testing 
of cosmetics raises strong ethical and legal questions and can be 
seen as a test case for the principle of “harm-benefit” analysis 
enshrined in the new eU Directive on animal experimentation. 

this presentation examines the background to the current sit-
uation, the approaches taken by national governments and inter-
national bodies to the existing provisions and the implications 
of postponement of the deadline, especially in the context of the 

additional animal testing expected in order to meet ReACH re-
quirements in the period until 2018. It concludes that the ethical 
case against postponement remains compelling and that other 
advantages accrue from maintaining the current date. these fac-
tors must be addressed by scientists, companies and policymak-
ers in formulating a response to the technical, commercial and 
political challenge posed by the deadline.
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Photodynamic therapy is a relatively new, minimally invasive 
therapeutic treatment of malign and nonmalign diseases. this 
method has historically been used to treat cancerous tumours but 
has recently also been used to kill bacterial cells. the therapy is 
based on the combination of a light-absorbing photosensitizer and 
irradiation with visible light of an appropriate wavelength. Upon 
irradiation with the light, the photosensitizer undergoes a transi-
tion from a low energy (ground state) to a higher energy (triplet 
state) and generates free radicals or singlet oxygen, which are toxic 
to target microorganisms. today therapy with antibiotics has be-
come unpopular because the resistance of bacteria to antibiotics is 
increased. In this study ZntPPS4C, tPPS4C and tM porphyrin 
were chosen for testing as potential sensitizers for a photodynamic 
effect study on NIH 3t3 cell lines and 4 bacterial strains. 

We report the production of reactive oxygen species and pho-
totoxicity on NIH 3t3 cells, Gram(+) and Gram(-) bacteria. the 
production of ROS was investigated using the molecular probe 
CM-H2DCFDA. Phototoxicity was evaluated by Mtt test. the 
light emitting diodes (leDs 414 nm) were used as a source for 
evocation of the photodynamic effect at total doses from 0.5 to  

25 Jcm-2. the cells or bacteria were grown in the presence of sen-
sitizers at concentrations from 0.5 to 100 µM. Fluorescence of  
CM-DCF was calibrated according to the fluorescence response of 
the probe to the addition of external H2O2. 

Our results show that ROS production in NIH 3t3 cells is de-
pendent on the sensitizer concentration and dose of irradiation. 

In summary, we found that all of three tested sensitizers were ef-
ficient. TM porphyrin is the best for evocation of the photodynamic 
effect and it is efficient in NIH 3T3 cells and Gram(+) bacteria. 

this work was supported by the grant projects NS9648-4/2008 from 
the Ministry of Health, MSM 6198959216 from the Ministry of 
education, Youth and Sports of the Czech Republic, 303/09/H048 
from the Czech Science Foundation and CZ.1.05/2.1.00/01.0030.

Reference
Kolarova, H., Bajgar, R., tomankova, K. et al. (2007). Comparison 

of sensitizers by detecting reactive oxygen species after photody-
namic reaction in vitro. Toxicology in Vitro 21(7), 1287-1291.

Keywords: photodynamic effect, NIH 3T3 cell line, bacteria

Poster

Center for Alternatives to Animal Testing – Europe
Mardas Daneshian0, Marcel Leist0 and Thomas Hartung1

0University of Konstanz (Konstanz) (De); 1Johns Hopkins University (Baltimore) (US)

Contact: mardas.daneshian@uni-konstanz.de

two universities renowned for their experience in the area of 
alternative methods in europe and the US have joined forces 
to complement the 29-year-old Center for Alternatives to Ani-
mal testing (CAAt) at Johns Hopkins University with a cor-
responding Center for europe (CAAt-eU) at the University of 
Konstanz.

the “excellence University” of Konstanz has twenty years of 
experience in alternatives to animal experiments, employing five 
professors in pharmacology and toxicology along with numer-

ous coworkers researching human-relevant alternative methods.
CAAt-eU brings together industry and academics to address 
the needs for human-relevant methods, to use strategic funds to 
fill gaps in the development and implementation of alternative 
methods, to coordinate information days in europe on relevant 
developments in the area of alternatives, to develop strategic 
projects with sponsors for the promotion of humane science and 
“new toxicology” and to set up a joint education programme be-
tween Johns Hopkins and the University of Konstanz.
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evidence is accumulating of the existence of multipotent mes-
enchymal stem cells/progenitor cells in various niches within 
the adult human body. their favourable immunologic proper-
ties and plastic behaviour in response to specific stimuli pro-
vide new perspectives with respect to tissue engineering and 
create expectations for their usefulness in future protocols of 
autologous transplantation, gene therapy and tissue reconstitu-
tion in a number of pathological processes. A promising mes-
enchymal stem cell source consists of human skin-derived pre-
cursor cells (hSKP), a novel population of neural-crest related 
precursor cells isolated from human embryonic, infant or adult 
skin with minimal discomfort to the donor. hSKP represent a 
multipotent pool of stem cells capable of generating neuronal, 
glial, mesodermal and endodermal progeny. Indeed, the fact 
that hSKP derivatives such as Schwann cells and neuronal cells 
display in vitro and in vivo function raises the possibility of 
hSKP being both an experimental and a therapeutic resource 
for disease modelling and regenerative medicine (Biernaskie et 
al., 2007; Higashida et al., 2010; lavoie et al., 2009; De Kock 
et al., 2009). 

In the present study, the trilineage multipotent differentia-
tion capacity of hSKP is screened by means of immunocyto-
chemistry upon exposure to various (non-)commercial differ-

entiation formulations. More specifically, hSKP are exposed to 
2 commercial neural media (lonza, Stem Cell technologies), 5 
commercial keratinocyte media (CellnTec, Epilife), 3 modified 
commercial adipocyte media and 4 “in house” prepared hepatic 
differentiation media. Special attention is paid to their suitabil-
ity in terms of differentiation efficacy. 
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Most of the in vitro primary cell and tissue models rapidly lose 
the morphological and functional characteristics of the original 
native tissues. this is also the case for the expression of the 
cytochrome P450 (CYPs) enzymes, essential for metabolising 
and eliminating xenobiotics. epithelix has developed and of-
fers a novel 3D in vitro model of the human airway epithelium, 

which maintains the fully differentiated, morphologically and 
functionally, characteristics of the native tissues. 

We present here some data showing that MucilAir exhibits 
an in vivo like expression pattern of CYP450 enzymes. Indeed, 
high levels of 2A13, 2B6 and 2F1, moderate levels of 2A6 and 
2S1, and low levels of 2C8-1 were found in the 3D model-Mu-
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Inter- and intra-species cross-contaminations (CC) of human 
and animal cells represent a chronic problem in cell cultures 
leading to false data. Microsatellite loci in the human genome 
harbouring short tandem repeat (StR) DNA markers allow indi-
vidualisation of cell lines at the DNA level. Thus, fluorescence 
polymerase chain reaction amplification of STR loci D5S818, 
D13S317, D7S820, D16S539, vWA, tH01, tPOx, CSF1PO 
and Amelogenin (AMel) for gender determination is mean-
while the gold standard for authentication of human cell lines 
and represents an international reference technique (Masters et 
al., 2001). Furthermore, an additional tetraplex PCR has been 
established in order to detect mitochondrial DNA sequences 
(mtDNA) of animal rodent cells within a human cell culture 
population.

the major cell banks of USA, Germany and Japan (AtCC, 
DSMZ, JCRB and RIKeN, respectively) have built compatible 
StR databases to ensure the availability of StR reference pro-
files (Dirks et al., 2010). Upon determination of an STR profile 

of a human cell line the suspected identity can be proven by 
an online verification of customer-made STR data sets on the 
homepage of the DSMZ institute. Since authentic cell lines are 
the main pre-requisite for rational research and biotechnology, 
the presentation describes a rapid and reliable method available 
to students, technicians and scientists for certifying identity and 
purity of human cell lines of interest.
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cilAir (3 different donors), as reported for their expression in the 
native tissues (Coskela et al., 1999; Su et al.,2000; Weems et al., 
2010). this in vivo like expression profile of CYP450s reflects 
the fully differentiated nature of MucilAir, since this expression 
pattern was not found in the monolayer culture conditions of 
the same epithelial cells. In contrast, these cells show a totally 
different profile: high levels of 2C8-2 and 2E1, low levels of 
2B6, whereas 2A6, 2A13, 2C8-1, 2F1, 3A4 and 3A5 are almost 
undetectable (Seo et al., 2008; Ha et al., 2007). Furthermore, 
this in vivo-like expression pattern can be maintained in vitro 
for at least 6 months. 

taken together, MucilAir is a good candidate as an in vitro 
model for studying the metabolism and toxicology of chemical 
compounds. 
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Use of autologous serum improves yield and quality  
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Altering the molecular structure of chemicals to increase po-
larity is essential for their elimination from the human body. 
Most biotransformation reactions are defined by phase I and 
II drug metabolising enzymes. thus, expression and regu-
lation of these enzymes are essential for the determination 
of pharmacologic and toxic effects, which are convention-
ally measured in primary human hepatocytes. However, their 
availability is limited by donor organ scarcity. As a possible 
alternative, NeoHepatocytes, generated by trans-differentia-
tion of peripheral blood monocytes (PBMCs), have been sug-
gested, although the basal phase I and II enzyme activities are 
significantly lower compared to primary human hepatocytes. 
In the last years it has be critically discussed whether gaining 
hepatocyte features is associated with trans-differentiation of 
monocytes or their activation towards a macrophage pheno-
type.

NeoHepatocytes were generated using six different human 
AB-sera, FCS or autologous serum. For de-differentiation cells 
were treated with Il-3 and M-CSF for six days, following dif-
ferentiation for 14 days with FGF-4. Yield of resulting cells 
was determined by sulphorhodamine B (SRB) staining. For 
characterisation of NeoHepatocytes we measured phase I and 
II enzyme expression and activities. In addition we measured 
toxicity of five different pro-teratogenic substances and their 
metabolites, e.g. cyclophosphamide and acroleine or valpro-
mide and valproic acid. Primary human hepatocytes were used 
as gold-standard. Macrophage activation was investigated by 
measuring the levels of TNF-α, TGF-β and RANKL secretion, 
matrix metalloproteinase (MMP) activity as well as mRNA lev-

els of interleukin-1α, -1β, -6, -8 and -10 in “programmable cells 
of monocytic origin” (PCMOs).

the yield and quality of NeoHepatocytes varied considerably 
depending on the different sera. the highest number of cells 
was consistently obtained with the autologous approach. these 
cells also showed the highest activity of phase I (CYP1A1/2, 
CYP2A6, CYP2B6, CYP2D6, CYP2e1, CYP3A4) and phase II 
enzymes (e.g. glutathione-S-transferase). the lowest yield and 
quality of NeoHepatocytes was obtained using FCS, while in 
the corresponding PCMOs macrophage activation was highest 
(TNF-α↑, TGF-β↑, RANKl↑, MMP activity↑, IL-1α↑, -1β↑, 
-6↑, -8↑ and -10↑). treatment of NeoHepatocytes generated 
using autologous serum with five different pro-teratogenic sub-
stances and corresponding metabolites showed toxicity compa-
rable to that determined in primary human hepatocytes. Also, 
biotransformation rates of the substances, assessed by measur-
ing metabolite formation and release into the culture superna-
tant, were comparable in both cell types.

Our data reveal that the use of autologous serum reduced 
macrophage activation in PCMOs which, as a consequence, led 
to improved yield and function of NeoHepatocytes. As biotrans-
formation and activity and toxicity studies were comparable be-
tween NeoHepatocytes and primary human hepatocytes, their 
easy accessibility makes them ideal candidates for in vitro tox-
icity studies. With respect to the autologous approach one can 
even speculate about their use for personalised medicine.

this project was partially supported by the BMBF (0315208A 
and 01GN0984)
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A new student movement for alternatives in veterinary education 
and training has been founded in egypt. Cairo University Vets for 
Alternatives (CUVA) was established in March 2010 following 
the 1st North Africa and Middle east Seminar on Alternatives in 
education and training and during InterNICHe outreach activ-
ity across the country. Over 40 presentations and meetings were 
held between InterNICHe and university deans, teachers, stu-
dents and others. Negotiations between InterNICHe and Cairo 
University Faculty of Veterinary Medicine addressed the poten-
tial for replacement of harmful animal use in practical classes by 
innovative alternative methods such as training mannekins and 
advanced software. Parallel to these discussions, students estab-
lished CUVA to help achieve full replacement and to enhance 
the quality of their education and training. CUVA membership 
includes over 400 students and junior teachers, facilitated by 
the social networking site Facebook. An Organising Committee 
of 10 students manages the organisation, and three workgroups 
progress its objectives. In partnership with InterNICHe, the 
workgroup on clinical rotations and body donation programmes 
is developing collaborative projects with shelters and veterinary 
outreach organisations. Under supervision, students will partici-

pate in sterilisation and other procedures on patients at shelters 
and join veterinary convoys providing animal care in villages 
across the country. these initiatives address the concerns by an-
imal campaigners, shelter owners and the students themselves at 
the significant lack of practical experience and animal welfare 
awareness often shown by graduates. Although extra-curricular 
at first, it is hoped that such involvement in clinical work will 
help replace animal experiments within clinical skills and sur-
gery training. the body donation programmes will help provide 
cadavers that are ethically sourced according to the InterNICHe 
and CUVA policies, and which may help replace the killing of 
animals in several disciplines. the workgroup on alternatives is 
collating information on animal use and potential replacements, 
organising self-training in alternatives and investigating the op-
portunities for local production of alternatives. the publicity 
workgroup promotes the meetings and activities. Aware of the 
empowerment and leadership potential within the movement, 
CUVA intends to help initiate student self-organisation at other 
faculties of veterinary medicine in egypt and across the region 
once the projects are established and once experience in over-
coming the obstacles has been gained.

Keywords: animals, education, veterinary, replacement, alternatives, Egypt, CUVA, InterNICHE
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Human pluripotent stem cells and their derivatives  
in assays for chemical risk assessment
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traditionally, safety assessments in drug discovery and evalua-
tions of environmental stressors on human health are based on 
non-human material or limited sources of human tissue sam-
ples. the use of large numbers of experimental animals and 
big inter-experimental variations negatively impacts the proc-
ess, and there is a great need to evaluate alternative options. 
During the last decade, human pluripotent stem cells (hPSCs) 
have received increasing appreciation for their use in a wide 

range of experimental settings. Cellartis is a biotech company 
specialised in hPSCs technologies and has developed several 
hPSC-based products for the in vitro and tools market space. 

Since many compound effects are species-specific, reliable 
toxicity assays based on human cells are of high relevance. 
Cellartis has developed cytotoxicity models based on human 
undifferentiated stem cells, partially differentiated cells and 
terminally differentiated cells. Notably, in vitro differentiation 



AbstrActs Linz 2010

Altex 27, Suppl. 2/10 39

Keywords: human pluripotent stem cells, hepatocyte, cardiomyocyte, toxicity, safety assessment, embryo

of hPSCs resembles the early stages of human embryonic de-
velopment and thus offers unique possibilities for alternative 
in vitro screening of compounds for their potential risks of ad-
verse effects on the growing embryo. At Cellartis, the unique 
features of hPSCs are taken advantage of in a cellular model for 
developmental toxicity testing. Furthermore, hepatocytes and 
cardiomyocytes derived from hPSCs are provided by Cellartis 
in multi-well plate formats in an unlimited supply suitable for 
a wide range of applications. The cells exhibit specific markers 
and functional properties similar to their adult counterparts and 

can be cultured for extended times in vitro without loss of basic 
functionality.

Hence, it is anticipated that new improved in vitro models 
based on physiologically relevant human cells will result in more 
cost-effective assays, ultimately leading to safer new drugs and 
better evaluations of the effects of chemicals on human health. In 
this presentation, the differentiation of hPSCs to specialised cells 
and results from safety assessment analyses utilising hPSCs will 
be discussed.
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A hemi-cornea model for eye irritation testing:  
quality control of production and prevalidation of  
prediction models
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A hemi-cornea model exclusively based on immortalised hu-
man corneal cell lines (Araki-Sasaki et al., 1995; Zorn-Kruppa 
et al., 2004, 2005; Manzer et al., 2009; Seeber et al., 2008) has 
been developed to provide an animal-free tool for eye irritation 
testing. the hemi-cornea model comprises a multi-layered epi-
thelium and a stroma of collagen-embedded keratocytes. Dur-
ing the current prevalidation study we have successfully dem-
onstrated the protocol transfer for the hemi-cornea construction. 
this means that it could be reproducibly produced according to 
standard operation procedures and defined acceptance criteria 
in the three participating laboratories. the low intra- and inter-
laboratory variation of our results show that the hemi-cornea 
maintains reproducible quality markers over many production 
lots and can be constructed in every well-equipped laboratory 
experienced in cell culture.

For the assessment of the predictive capacity and reliability 
of the test system for eye irritation we developed preliminary 
prediction models based on the results achieved with 13 refer-
ence chemicals (RC; 4 x R36/Cat.2 and 9 x Nl/NC). tissue vi-
ability, determined with an MTT assay, was defined as the sole 
toxicological endpoint. According to the test protocol, the hemi-
corneas were exposed to the RCs for 3 different time intervals 
(10, 20 and 60 min). Alterations of tissue viability over time 
after topical substance application can be described best using 
an asymptotic exponential decay approximation. Our prediction 

models are either based on the variables of the exponential de-
cay function or on the relative tissue viability after a 10 min 
exposition interval. With either of the three prediction models, 
eight out of nine chemicals classified as non-irritant (NL/NC) 
and three out of four chemicals classified as irritant (R36/Cat.2) 
were predicted correctly.

the test system is now under prevalidation in three partici-
pating laboratories using 20 reference chemicals under double-
blind coded conditions. 

The project was financially supported by the Federal Minis-
try of Research and education (BMBF, FKZ 0313913; FKZ 
0315504)
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polychlorinated biphenyl induced oxidative  
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Polychlorinated biphenyls, which are produced for industrial 
purposes, are organic chlorinated compounds. the use of poly-
chlorinated biphenyls was banned in several countries when they 
were determined to be persistent pollutants in the environment. 
Many polychlorinated biphenyl containing industrial products 
and equipment (industrial fluids, flame-retardants, diluents and 
fluids for capacitors, transformers, hydraulic pumps, pesticide 
and dielectric fluids) are still in use and thus pose a threat to 
the environment and human health. they bio-accumulate both 
in the environment and in living organisms owing to their li-
pophilic features and chemical stability. It is determined that 
polychlorinated biphenyls have various negative effects, such 

as toxic, carcinogenic, immunosuppressive, teratogenic and en-
docrine disruptive activities.

Genistein is a natural isoflavone phytoestrogen present in soya 
and soybean products. Isoflavones may prevent oxidative DNA 
damage via affecting free radicals and antioxidant enzymes. 
Genistein is the compound with the highest antioxidant activity 
within the isoflavones. Therefore, it was investigated whether 
genistein has protective effects on polychlorinated biphenyl-
induced oxidative damage. 

In this study antioxidant effects of genistein on polychlorin-
ated biphenyl-induced oxidative toxicity on tM3 leydig cells 
were investigated. enzymatic antioxidants, lipid peroxidations 
and reactive oxygen species were measured. 

Keywords: polychlorinated biphenyls, genistein, oxidative toxicity
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Cell-free systems for the study of protein synthesis (transla-
tion) have already been obtained from many sources, includ-
ing bacteria, wheat germ, rabbit reticulocytes, murine ascites 
fluid, frog oocytes and insect cells. We have established an in-
novative expression system originating from mammalian cells 
that are grown in large-scale cultures in bioreactors and in the 
absence of serum. the production cost is low. these transla-
tion extracts allow either the direct translation or the coupled 
transcription and translation of an exogenously added mRNA or 
cDNA, respectively. the expression system can be either stored 
hydrated at low temperatures (-80ºC) or it can be lyophilised 

and kept dehydrated in a freezer (up to -20ºC) for prolonged 
periods without loss of translational activity after replenishment 
with water. the system can be produced as a commercial kit and 
could replace the existing expression systems based on animal 
extracts, such as the Krebs ascites fluid or the rabbit reticulo-
cyte lysate. It could improve the optimisation, automation and 
miniaturisation of fed-batch and semi-continuous reactions and 
would allow in vitro synthesis of proteins in a large variety of 
low- and high-throughput applications suitable for functional 
and structural proteomics. 

Keywords: protein synthesis, translation, in vitro, bioreactors, mammalian cells, suspension, cell-free
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Many reports deal with the cultivation of mammalian cells 
in serum-free media of defined composition. Healy (Healy et 
al., 1954) was probably the first to achieve continuous growth 
of mouse L cells in such a defined medium. Later on Higuchi 
(Higuchi, 1963; Higuchi and Robinson, 1973) developed the 
serum-free chemically defined medium. This enabled the cul-
tivation of eight lines of human origin, three of primate origin 
and five lines of rodent origin. Hormones like insulin, cortisone 
and thyroxin were added to the defined medium. Vitamin B12 
and biotin were needed for growth. Additionally, lipids, such as 
oleic acid, lecithin and cholesterol, also promote cell growth.
We aimed to improve the Higuchi defined medium (Higuchi, 
1963; Higuchi and Robinson, 1973) to enable the cultivation of 
a greater number of cell lines, especially primary cells like hu-
man muscle and chicken embryonal fibroblasts. The following 
substances were added to the final form of Higuchi medium: 
1) Vitamin C (ascorbic acid), 2) dexamethasone, 3) platelet-
derived growth factor and 4) fibroblast growth factor.

Cultivation of different cell lines showed that the best growth 
was obtained with highly transformed cell lines, like CaCo-2. 
Cells of a lower level of transformation, i.e. VeRO cells, could 
also grow in this medium. the growth of primary cells/cell lines 
was promoted partially with the addition of fibroblast growth 
factor, platelet-derived growth factor and ascorbic acid.
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the two most frequent manifestations of some toxicity induced 
to the skin are irritant contact dermatitis (ICD) and allergic con-
tact dermatitis (ACD). Reconstructed human epidermis (Rhe) 
was used to assess the irritation and sensitization potentials of 
chemicals through the investigation of cellular release of Il-
1α and IL-8 from keratinocytes into culture medium. New at-
tempts are presented to understand certain molecular and cellular 
mechanisms apparently involved in human epidermal keratino-
cytes exposed to skin irritant and sensitizers. More precisely, we 
have tried to underline the potential mechanisms responsible 
for the differential release of IL-1α and IL-8 from RhE treated 
with chemicals of typical sensitizing potencies, i.e. dinitrofluor-

obenzene (DNFB), oxazolone (Oxa) or cinnamaldehyde (Cin), 
in comparison with Rhe treated with a well known irritant, i.e. 
benzalkonium chloride (BC). 

In the present study, we used Rhe, which was produced in-
house following our published protocol (Poumay et al., 2004), in 
which culture parameters and origins of cells can be controlled 
independently of commercial suppliers.

We confirm that irritant (benzalkonium chloride) and sensitiz-
ers (dinitrofluorobenzene (DNFB), oxazolone, cinnamaldehyde) 
induce different profiles of interleukin-1α and interleukin-8 ex-
pression and release from the Rhe (Coquette et al., 2003). Indeed, 
the ratio of released IL-8/IL-1α, measured after 22 h of treatment 
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at a concentration of the chemicals that preserves 50% of cell 
viability, is proposed to easily differentiate irritant from sensitiz-
ers. Intracellular signalling pathways were analysed by Western 
blot analysis in order to investigate potential involvement of 
signalling in the differential release of interleukins. Our current 
data illustrate important differences in eGFR, p38 and eRK1/2 
MAPKs activation sustained with sensitizing treatments. expo-
sure of RhE to specific inhibitors of EGFR, p38 and ERK1/2 
kinase activities suggest that the activation of eGF receptor only 
is significantly involved in the induction of IL-8 release after 
treatment with sensitizers. the potential involvement of H2O2 
as an intermediate determining the responses of Rhe towards 
sensitizers was also investigated. Using the anti-oxidant agent N-
acetyl cysteine as well as performing intracellular measurement 
of ROS, results were obtained that reveal strong evidence of oxi-
dative stress in events triggering Il-8 release after the contact 
of the epidermis with the DNFB sensitizer. the toxicity Keap1-
Nrf2-ARe pathway was also investigated in response to a panel 
of sensitizers and irritant. Indeed, the transcription factor Nrf2 is 
responsive to oxidative stress and induces expression of antioxi-
dant genes that attenuate tissue injury. Furthermore the expres-
sion of Il-8 is under the control of Nrf2 in multiple cell types 
(Zhang et al., 2005). therefore, expression of Nrf2-dependent 
ARe-responsive genes, such as HMxO, NQO1 and GCS, was 

measured using q-PCR and the activity of Nrf2 transcription fac-
tor was evaluated with transAM tests. 

Although some clues already allow partial discrimination 
between irritant and sensitizing chemicals, more investigations 
are still required in order to refine the identification of involved 
cellular mechanisms that will permit rules for classification of 
chemicals. Behind the replacement of laboratory animals in the 
cutaneous toxicological evaluation of chemicals, the develop-
ment of alternative methods is triggering refinement in the ap-
proach of toxicology at cell and tissue levels.
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the use of nano-sized materials (NMs) offers exciting new op-
tions in technical and medical applications. these materials, 
however, have been reported to cause adverse effects in cells and 
organs. Conventional testing is complicated by the fact that NMs 
may interfere with conventional assays, especially with the Mtt 
assay. As many NMs are not degraded, they may, in addition 
to acute cytotoxicity, cause cell dysfunction by biopersistance. 
these effects cannot be evaluated in the set-up used for conven-
tional cytotoxicity testing. Potential effects of long-term expo-
sure may include basic cytotoxicity and dysfunction of specific 
organelles or of specific cell functions. As most NMs are taken 
up by the endosomal-lysosomal system, changes in lysosomal 
function may occur in cells upon chronic exposure to NMs. 

By testing various types of nanoparticles produced in two 
national and international consortia we evaluated a panel of 
cytotoxicity assays (WSt-1, Mtt, MtS, Neutral Red, tOx-6, 
leucine incorporation and AtP content) for potential assay inter-
ference. Additional controls, for interference with the cells and 
for interference with the assay compounds, were added to the 

conventional set-up to identify false positive or false negative re-
sults. For the assessment of chronic effects fluorescently labelled 
polystyrene particles (FluoSpheres®) in sizes of 20 nm and 200 
nm were used. The influence of NMs on the endosomal-lyso-
somal system was studied by pH-dependent dyes, by detection of 
cathepsin B activity and of lysosomal sulphatase activity and by 
exposure of lAMP-1-RFP transfected cells. these experiments 
were performed in serum-reduced medium to prevent dilution of 
the NMs by cell proliferation.

Formation of aggregates occurred quite frequently. the cor-
relation of cytotoxic effects to the size of the primary particles 
may possibly not be correct. the inclusion of additional controls 
helped to identify interference of NMs with the assay. Most NMs, 
however, did not interact with the assays. For these NMs inter-
assay differences of the IC50 concentrations were low. Although 
the assays used different detection principles and read-outs only 
small variations in the IC50 concentrations were noted. Mtt and 
tOx-6 assay were the only assays suited to detect cytotoxicity of 
high concentrations of floating, coloured NMs. 
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Comparison between the different endosomal-lysosomal stains 
showed that more acidic and lAMP-1 positive than cathepsin B- 
and lysosomal sulphatase-positive organelles were seen. 20 nm 
and 200 nm FluoSpheres® were taken up with different velocity 
and stored at different locations in the cell. they co-localised 
mainly, but not exclusively, with markers of the endosomal-lyso-
somal compartment. FluoSpheres® were detected inside the cells 

without obvious loss of intensity for the entire observation period 
of one week. exposure of cells to 20 nm CPS for seven days 
resulted in a decrease of cathepsin B staining. 

In conclusion, the inclusion of additional controls for cytotox-
icity testing of NMs is recommended. Detection of lysosomal 
activity may be a model to address chronic cellular effects of 
non-biodegradable NMs.

Keywords: nano-sized materials, cytotoxicity testing
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the New energy and Industrial technology Development Or-
ganization (NEDO), Japan started a 5-year project in the fiscal 
year 2006 entitled “Research and development of nanoparticle 
characterization methods”. the goals are 1) to establish prepa-
ration methods of test samples, to develop methods to measure 
the shape and size of tested nanomaterials (NMs), to test their 
toxicity, analyse exposure and to publish the results obtained in 
the form of manuals; 2) to carry out the risk assessment of typi-
cal NMs, propose a risk management policy on the basis of the 
risk assessments and formulate the risk assessment documents. 

In order to estimate the biological effects of ultrafine parti-
cles, an optimal in vitro assay system using well-characterised 
dispersions was developed (Kato et al., 2009; Kato et al., 2010). 
We have examined cellular responses of about 30 kinds of ul-
trafine metal oxide particles, such as TiO2, ZnO, NiO, CeO2, 
SiO2, and Fe2O3, etc. (Horie et al., 2009a, 2009b). Moreover, 
cellular responses induced by C60 fullerenes, carbon nanotubes 
(CNTs) and ultrafine metals are being examined.

In this study, we utilised the DNA microarray analysis tech-
nique to determine the gene expression profiles of human kerati-
nocyte HaCat cells exposed to anatase titanium dioxide (tiO2) 
particles of different (7 nm, 20 nm and 200 nm) average diam-
eters without illumination (Fujita et al., 2009). Cells were incu-
bated for 24 h with tiO2 particles, which were dispersed in the 
culture medium and size-fractionated such that the concentra-
tion of titanium in all the fractionated samples was nearly equiv-
alent. According to the cluster analysis, only genes involved in 
the “inflammatory response” and “cell adhesion”, but not the 
genes involved in “oxidative stress” and “apoptosis”, were over-
represented among the genes that were up-regulated in HaCat 
cells. After 24 h exposure to ultrafine 7 nm TiO2 particles, we 

observed altered expression levels of genes involved in matrix 
metalloproteinase activity (MMP-9 and MMP-10) and cell ad-
hesion (fibronectin FN-1, integrin ITGB-6, and mucin MUC-4). 
These results suggest that the ultrafine TiO2 particles without 
illumination have no significant impact on ROS-associated oxi-
dative damage, but affect cell-matrix adhesion in keratinocytes 
for extracellular matrix remodelling.

We suggest that assessing in vitro cellular responses to mo-
lecular events is an effective means to elucidate the toxicologi-
cal behaviour of ultrafine particles.
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The role of alternative test methods in nanotoxicology
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the OeCD WPMN has established a steering group on Alter-
native Methods in Nanotoxicology with the objectives of de-
veloping testing strategies and identifying suitable methods for 
the hazard assessment of pristine manufactured nanomaterials 
(MN). So far two main areas of concern related to the use of MN 
have been discussed, i.e. possible translocation across cellular 
barriers and proinflammatory effects. Currently, effects on po-
tential target cell types are investigated with an emphasis on cy-
totoxicity, genotoxicity, immunotoxicity and cell proliferation. 
However, test methods are far from being validated and har-
monised. With respect to the adaptation of existing alternative 
methods to the field of MN, the physico-chemical characterisa-
tion of the test item and test medium, harmonisation of relevant 
cell models and control against well characterised reference 
materials are indispensable criteria for the generation of dose 

response relationships that are relevant for risk characterisation. 
In addition to toxicological test method development, there is a 
need for the establishment of analytical test procedures to en-
able characterisation of MN in products in situ. 

There is a need for concerted actions, especially in the field 
of cosmetics safety testing with respect to identification and 
quantification of MN in cosmetics by 2014 according to the 
new cosmetics regulation; a list of MN in cosmetics shall be 
made publicly available by the european Commission. Special 
concern might be raised in case of a foreseeable or intended 
use of sprays containing MN. translocation through the lung 
is more likely than through the healthy skin. thus, lung model 
development might become an area of increased relevance for 
the investigation of local cellular effects and translocation like-
lihood of MN upon inhalative exposure.

Keywords: testing strategies, alternative methods, translocation of nanomaterials, toxic concerns
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Polychlorinated naphthalenes (PCNs) are a group of substances 
containing a naphthalene ring system. PCNs have been exten-
sively produced and used as mixtures with various commercial 
names like Halowax, Nibren Waxes, Seekay Wakes. they were 
used mainly for cable insulation, wood preservation but also as 
engine oil additives and feedstock for dye production and capac-
itors and refracting index testing oils. today, PCNs are regarded 
as ubiquitous environmental contaminants and are classified as 
priority pollutants for consideration in several countries. to our 
knowledge there are no data concerning the action of Halowax 
as an endocrine disruptors in the ovary. the aim of the presented 
data was to show dose and time action of Halowax on follicular 
cell steroid secretion.

Ovarian follicles (5-7 mm in diameter) collected from cy-
cling pigs were pressed down and separated from connective 
tissue. Whole follicles were cut with small scissors and placed 

individually in 24-well plates (Nunc) with 2 ml Parker medium 
supplemented with 5% FBS/CD. To examine the influence of 
dose dependent action of Halowax 1051 on steroid secretion, 
diced-up follicular wall including theca and granulosa, without 
follicular fluid, was incubated for 24 h at 37°C in a humidi-
fied atmosphere containing 5% CO2 with 1, 10, 100, 1000 and 
10,000 ng/ml Halowax 1051 for 24, 48 and 72 h. After incuba-
tion, the conditioned media were collected for determination of 
steroids levels. Progesterone (P4), testosterone (t) and estradiol 
(e2) levels were determined by eIA using a commercially avail-
able elISA kit (DRG Diagnostic, GmbH, Germany).

An inhibitory action on P4 and e2 secretion parallel with 
stimulatory action on t secretion was observed from 24 until 
72 h of incubation. 

Data on the toxicity of PCNs in experimental animals are very 
rare. Åkerblom et al. (2000) showed that PCNs had negative 



AbstrActs Linz 2010

Altex 27, Suppl. 2/10 45

Keywords: Halowax 1051, ovarian follicles, steroid secretion

effects on ovaries of Baltic salmon, including delayed devel-
opment. Moreover they indicated that PCNs are not capable 
of causing effects similar to E2. This indirectly confirms our 
observations of an inhibitory effect on estradiol secretion. Ad-
ditionally, taking into consideration that the toxic responses as-
sociated with PCNs are mediated through an aryl hydrocarbon 
receptor (AhR)-dependent mechanism of action (Poland and 
Knutson, 1982; Villeneuve et al., 2000), an antiestrogenic ef-
fect of PCN could be expected. We observed previously, that 
tCDD added to testosterone supplemented cultures additionally 
increased testosterone secretion with a concomitant decrease in 
estradiol secretion (Gregoraszczuk, 2002). Omura et al. (2000), 
examining the semen quality of males exposed during their em-
bryonic life to 1,2,3,4,6,7-hexachloronaftalen, showed acceler-
ated spermatogenesis in postnatal development. This confirms 
the androgenic effects PCNs.

Taken together, our findings for the first time show PCNs act-
ing as endocrine disruptors in the ovary. A decrease of the P4: t 
and E2: T ratio parallel with a statistically significant stimula-
tory action on testosterone secretion suggests androgenic prop-
erties of PCNs. As a consequence, PCNs exposure should be 
taken into consideration as an additional factor responsible for 
polycystic ovarian syndrome (PCOS). 

This work was supported by K/ZDS/000783/ 2010, Poland.
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EU Directive 86/609/EEC for the protection of laboratory ani-
mals obliges scientists to consider whether a planned animal 
experiment can be replaced, reduced or refined. To meet this 
regulatory obligation, scientists must consult the relevant scien-
tific literature prior to any experimental study using laboratory 
animals. Several million potentially 3Rs relevant documents are 
spread over the World Wide Web, biomedical literature and pat-
ent databases. Accessing this information simultaneously in a 
fast and exhaustive manner is still impossible with traditional 
search technologies. this is where semantic web technologies 
may offer solutions.

Go3R, the first knowledge-based search engine for alterna-
tive methods to animal experiments, was developed to enable 
scientists and regulatory authorities involved in the planning, 
authorisation and performance of animal experiments to deter-

mine the availability of 3Rs relevant information from PubMed 
in a fast and comprehensive manner. 

Knowledge-based search engines integrate human expert do-
main knowledge into retrieval procedures. the technical basis 
of Go3R is specific 3Rs expert knowledge captured within a 
3Rs specific ontology. This ontology is a hierarchically struc-
tured network of terms, such as toxicological endpoints, 3Rs 
methods and cell lines. 

When a user performs a search query with Go3R, the search en-
gine expands this request using the ontology’s structure and termi-
nology, which has been previously used to index the documents. It 
highlights relevant terms or their synonyms that occur in both and 
uses them to arrange the documents within an “intelligent” direc-
tory of contents. the directory is presented alongside the search 
results and serves as a convenient means of navigation.
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The Go3R beta-version is available online free of charge 
(www.Go3R.org). This beta-version right now contains no less 
than 17,000 3R-relevant terms structured in 26 branches with 
biomedical headings, e.g. “Cell Culture Technology”, “3Rs 
Methods in the Life Sciences” and others. Scientific documents 
that mention one of these terms or a synonym are automatically 
assigned to the respective branch. 

Go3R was developed to allow retrieval of 3Rs relevant docu-
ments, even if they do not explicitly mention a 3Rs-relevant 
term. this will be achieved by a technique called “indirect map-
ping”. Here, related terms pointing to a certain topic without 
mentioning it are exploited for the assignment, e.g. the combi-
nation of “3T3-cells”, “neutral red”, “irradiation”, for assign-
ment to the term “3Rs in phototoxicity testing”.

thanks to funding by the German Federal Ministry of educa-
tion and Research (BMBF), the search engine will be re-engi-
neered and extended to meet the requirements of scientists and 

competent authorities even better. An essential extension will be 
the additional inclusion of scientific resources other than PubMed 
in the near future. the ultimate aim, however, is to open up re-
sources that right now are non-accessible to an indispensability 
search due to their non-indexed and/or unstructured nature. 

the authors gratefully acknowledge the Federal Ministry of 
education and Research (BMBF), the German Federal Institute 
for Risk Assessment (BfR), Berlin, transinsight GmbH, Dres-
den, and BASF SE for providing the financial, technical and 
scientific support necessary for developing and maintaining the 
search engine and for warranting its Internet presence.
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toxicological hazard assessment is largely based on exposure-
toxicity-data obtained in animal experiments. Depending on the 
route of administration, the measure of exposure is either the 
dose administered or the concentration of the chemical in the 
ambient air or water. If in vitro data shall be used for toxico-
logical hazard assessment, in vitro toxic exposures have to be 
converted into external exposures of animals or men. to this 
end, the biokinetics of the substance must be taken into account. 
this may be done by using biokinetic modelling relating in-
ternal exposure of cells and tissues to external exposure of the 
body. An important question is: What measure of exposure of 
cells in vitro is the proper one to be used for in vitro-in vivo 
extrapolation? 

the exposure of cells in vitro, in general, is characterised by 
the nominal concentration of the test substance in the incuba-
tion medium. Based on experimental evidence on cellular and 
extracellular binding of chemicals, we have recently argued 
that the exposure measure suitable for use for in vitro-in vivo 
extrapolation is the free concentration in the medium (Gülden 
and Seibert, 2006). We have developed an equilibrium distri-
bution model which, based on substance and system specific 

data relevant for distribution, can be used to estimate the free 
from the nominal effective concentration of lipophilic and al-
bumin bound compounds, respectively (Gülden and Seibert, 
2003; Gülden and Seibert, 2005). These considerations and 
models were explicitly confined to chemical compounds not 
markedly eliminated from the in vitro systems during the ex-
posure time. 

Using C6 astroglioma cells and the example of hydrogen 
peroxide (H2O2) we have investigated how exposure in vitro 
can be characterised if the substances are metabolised by the 
exposed cells. C6 cells rapidly eliminate H2O2 from the culture 
medium, i.e. the nominal concentrations of administered H2O2 
are initial concentrations that decline continuously. the elimi-
nation rate depends on both the H2O2 and the cell concentration. 
the nominal cytotoxic concentration (eC50) of H2O2 is likewise 
cell concentration dependent. exposure to changing concentra-
tions of H2O2 can be quantified by the area under the concentra-
tion versus time curve (AUC). While the eC50 varies with the 
cell concentration, the corresponding AUC50 is almost constant. 
From the relation between eC50 values and cell concentration 
a cytotoxic cell dose (eD50) can be derived. this dose is in-
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dependent of the cell concentration. these results indicate that 
the cell dose or the AUC but not the nominal concentration are 
suited to quantify the exposure of cells in vitro towards chemi-
cals eliminated from the in vitro system by the cells themselves. 
When the cytotoxic cell dose of H2O2 is used to estimate an 
equivalent body dose, the result is very close to the lD50 values 
determined with rodents.

this and the previous investigations let us conclude that the 
proper measure of exposure of cells in vitro to be used for in 
vitro-in vivo extrapolation depends on the fate of the substance 
in the in vitro test system and can be either the free concentra-
tion, the AUC or the cell dose.
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Mycotoxins are naturally occurring secondary metabolites 
produced by the mycelial structures of either toxigenic or non-
toxigenic filamentous fungi. Beauvericin (BEA) is a depsipep-
tide that was first identified in a soil-borne entomopathogenic 
(insect-pathogenic) fungus, Beauveria bassiana, which induces 
significant cell death in insect, murine and human tumour cell 
lines. Furthermore, BEA is a potent and specific cholesterol 
acyltransferase inhibitor in rat liver microsomes. Fusaprolif-
erin (FUS) is a recently described mycotoxin that is produced 
by two closely related species, Fusarium subglutinans and F.  
proliferatum. Both species are important pathogens of maize and 
other economically important crop plants and may be isolated 
together from the same plant. FUS is toxic to Artemia salina, 
IARC/lCl 171 human B lymphocytes and SF-9 insect cells and 
has teratogenic and pathogenic effects on chicken embryos. Re-
cently, the occurrence of FUS in several naturally contaminated 
samples of corn was reported.

Considering the few toxicological studies executed on these 
new classes of contaminants, the aim of this study was to in-
vestigate to what extent the toxicity of BeA and FUS are in-
volved in their effects on cell proliferation and viability. these 
parameters were determined using human epithelial colorectal 
adenocarcinoma (Caco-2) cells, human colon adenocarcinoma 
grade II (Ht-29) cells and human hepatocellular liver carcinoma 
(Hep-G2) cells. Human colorectal and hepatocellular cells were 
chosen because the intestine should be considered as a target 

of toxins as it is in contact with them when oral exposure oc-
curs. the viability and proliferation of cells after 24 and 48 h of 
incubation were measured using the Mtt assay. BeA and FUS 
concentrations from 0.6 to 30 µM were tested.

Results obtained show that only Ht-29 and Caco-2 cells, 
but not Hep-G2 cells, reduced cell viability after BeA expo-
sure. the Dl50 of the BEA was 15.0 µM on the HT-29 cells and  
20.6 µM on the Caco-2 cells at 24 h exposure. However, the 
48 h exposure showed more sensitivity of these cell lines. the 
Dl50 values were 9.7 and 12.7 µM for HT-29 and Caco-2 cells, 
respectively. the FUS mycotoxin was not cytotoxic in the three 
cell lines utilised in this study, neither over the range of concen-
trations tested nor at the different exposure times.

This study was financially supported by the projects AGL2007-
61493 (Science and Education Spanish Ministry) and by the 
“Cinc Segles” pre PhD program of University of Valencia 
(Spain).
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Maternal antiepileptic drug use is associated with an increased 
frequency of adverse pregnancy outcome including congenital 
malformations. Sodium valproate (VPA) is the most widely pre-
scribed antiepileptic drug in the world (Perucca, 2002). leveti-
racetam (leV) is a relatively new antiepileptic drug that has 
seen extensive use during recent years. the current study, using 
a human choriocarcinoma cell line (BeWo), was performed to 
assess the effects of long time exposure to VPA and leV upon 
cell proliferation, apoptosis and hormone production (proges-
terone, estradiol and of human chorionic gonadotropin). 

BeWo human choriocarcinoma cells (AtCC, Manassas, VA, 
USA) were treated with different concentrations of VPA (0.45, 
0.6, 1.5 or 2 mM) or LEV (0.07, 0.12, 0.3 or 0.5 mM) for 24, 
48, 72 or 96 h. DNA synthesis in cells was determined by meas-
uring BrdU incorporation with the Cell Proliferation elISA 
System (Roche Molecular Biochemicals, Mannheim, Germa-
ny). Caspase-3 activity was measured as described previously  
by Nicholson et al. (1995) using the fluorescent substrate  
Ac-DeVD-AMC. the concentrations of progesterone (P4), 
17β-estradiol (E2) and human chorionic gonadotrophin (hCG) 
in the media were determined using commercial elISA kits 
(DRG Diagnostic, Germany).

In VPA treated cells, no effect of small doses but inhibitory 
action on cell proliferation of high doses parallel with stimulato-
ry action on cell apoptosis was observed. It was accompanied by 
a reduction in the secretion of HCG, e2 and P4. In leV exposed 
cells no effect on cell proliferation but an inhibitory action of 
small doses on cell apoptosis only after 96 h of exposition was 
noted. P4 production of leV exposed cells was not affected, but 
a decrease in β-hCG and E2 secretion was also observed. 

In recent years it has become clear that apoptosis is a nor-
mal physiological process throughout gestation (Huppertz and 
Kingdom, 2004) and disturbances in programmed cell death in 
placenta seem to be associated with an abnormal pregnancy out-
come (Jerzak and Bischof, 2000). Decreased proliferation and 
abnormal apoptosis noted in VPA exposed cells could lead to 
faulty placentation, involved in several gestational disorders in-
cluding preeclampsia (Allaire et al., 2000; Crocker et al., 2003). 
Inhibition of P4 and e2 secretion may help explain a high rate 
of spontaneous abortions and premature births following VPA 
exposure in pregnancy (Mawer et al., 2002; Pittschieler et al., 
2008). Progesterone plays a physiologic role in trophoblast dif-
ferentiation (Malassiné and Cronier, 2002), while estrogens 
have important physiological roles in regulating functional dif-
ferentiation of the placental villous trophoblast (Bukovsky et 

al., 2003; Cronier et al., 1999; Rama et al., 2004). The low hCG 
levels probably reflect a derangement of trophoblast function 
that will culminate in placental insufficiency and fetal growth 
restriction (FGR). taking into consideration direct inhibition of 
cell proliferation and hormone secretion parallel with apoptotic 
action suggest that exposure to therapeutic doses of VPA during 
early pregnancy should be approached with caution. trophob-
last cells seem to be less sensitive to leV, however a further 
study with placental tissue is necessary to decide whether the 
use of leV during pregnancy is safe.

This work was supported by K/ZDS/000783/ 2010, Poland.
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Over the past decades, increasing research efforts have been 
made to address the administration of therapeutic peptides and 
proteins via the pulmonary route. Validated in vitro models of 
the respiratory tract allowing for the assessment of drug transport 
and local toxicity are thus urgently needed. The Calu-3 cell line 
is a well established cell culture model for drug transport and 
absorption studies (Grainger et al., 2006). Calu-3 cells produce 
features of differentiated human airway epithelial cells, such as 
formation of tight junctions and Cl- secretion (Wan et al., 2000; 
Ilek et al., 2008). Insulin was chosen as a water soluble model 
peptide. the aim of the present study was to compare the effect 
of liquid covered culture (lCC) and air interfaced culture (AIC) 
as well as different sampling methods on the transport of insulin 
across Calu-3 monolayers. Furthermore, the effects of pulmo-
nary surfactant on the absorption of insulin were studied. 

Calu-3 cells were grown on Transwell inserts with 0.4 µm 
pore size. tight junction integrity was checked by measur-
ing the transepithelial electrical resistance (teeR) using an 
eVOM® epithelial voltohmmeter. Secretion of mucus-like sub-
stances was analysed by a lectin binding assay. transport ex-
periments were done on day 11-13 in culture. In the case of AIC 
cultures, application of insulin aerosols onto the air liquid inter-
face of Calu-3 monolayers was done using a MicroSprayertM. 
the transport was analysed in the apical to basolateral direction 
under sink-conditions, i.e. the receiver compartment was ex-
changed at each time point, and with serial samplings. to inves-
tigate the effect of surfactant on insulin transport, Curosurf®, a 
natural porcine surfactant preparation, was added to the apical 
surface. Insulin was quantified in the receiver compartment by 
radioimmunoassay (RIA). Secretion of proinflammatory IL-8 
was measured by elISA. 

Calu-3 cells cultured using LCC exhibited higher TEER  
values when compared to AIC conditions, the levels being  
928 ±292 vs. 339 ±120 Ohm/cm² on day 11. Mucus secretion 
was approximately two-fold higher in AIC cultures (day 11). 
Cumulative insulin transport was considerably higher under 
AIC conditions. the transport kinetics proved to be highly de-
pendent on culture conditions and the sampling regime. linear 
transport was only observed in lCC cultures using serial sam-
pling. Addition of 15 mg/ml Curosurf® increased the cumula-
tive insulin transport approximately nine-fold. this effect was 
obviously not caused by increased tight junction permeability, 
as judged by TEER measurements. IL-8 secretion was not influ-
enced by insulin. 

The Calu-3 cell line is a dynamic model and the culture con-
ditions employed are critical to differentiation and transport 
properties. Sampling regime and culture conditions have thus 
to be tailored to the experimental question in order to produce 
meaningful results. 
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europe and the U.S. further the development of new toxico-
logical tools in very different ways: While the replacement of 
animal tests has been promoted strongly in europe over the last 
decades (following the 3Rs principles – reduce, replace, refine), 
in the U.S. the vision for a toxicology in the 21st century (tox-
21c), which was prompted by the National Research Council 
document only three years ago, dominates the discussion. In 
both cases, there is significant political support. However, while 
in Europe the horizontal animal welfare legislation from 1986 
(which urges the use of 3Rs methods wherever possible) cur-
rently under revision and cosmetics and chemical legislation 
are the primary drivers, in the U.S. mainly federal agencies, 
most prominently the environmental Protection Agency (ePA), 

made the implementation of the NRC report their toxicity test-
ing strategy only in 2009. this pre-empts such likely legislative 
measures as the reauthorisation of the toxic Substances Control 
Act (tSCA) in the U.S. the european implementation is char-
acterised by substantial broad funding programs to develop 3Rs 
methods and can be termed a “bottom-up” approach; the tox-
21 programme, in contrast, represents a “top-down” approach, 
where programmed research is carried out and commissioned. 
the author argues here that the two approaches are two sides of 
the same coin. they can instruct and complement each other. 
More importantly, however, if brought together they can result 
in a Human toxicology Project and a real revolution in regula-
tory toxicology.

Keywords: toxicology, regulation, chemicals
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A tiered approach combining the short time  
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For the assessment of ocular irritation, one in vitro alternative 
test may not completely replace the Draize test. therefore, a 
tiered approach combining several in vitro assays, including cy-
totoxicity assays, is proposed in order to estimate the irritation 
potential for a wide range of chemical classes. the Short time 
exposure (Ste) test, an alternative eye irritation test, involves 
exposing SIRC (rabbit corneal cell line) cells for 5 min to two 
concentrations (5% and 0.05%) of test material. In the present 
study, we examined the predictive potential of a tiered approach 
analysing the results from the Ste test and then the results of 
the BCOP assay for assessing GHS eye irritation rankings.

Over 50 chemicals listed in the BCOP background review 
document (BCOP BRD, ICCVAM-NICEATM, 2006) were 
selected for the present study. the GHS rankings non-irritant 

(NI) category 2 (Cat. 2) or category 1 (Cat. 1) for the chemicals 
were evaluated in the Ste test as described by takahashi et al., 
2008. In addition, the overall classification of the GHS rank-
ings was also evaluated using the combined results of the Ste 
test and the BCOP assay. A BCOP assay was not repeated for 
the 50 chemicals in this study. Instead, the data for the BCOP 
classification and GHS eye irritation rankings of NI, Cat. 2 or 
Cat. 1 were adopted from the BCOP BRD. to determine the 
GHS classification using the tiered approach, the results of the 
STE test were reviewed first. If the chemical was classified as 
a “non-irritant” in the Ste test, the chemical was considered to 
have a GHS ranking of NI. If the chemical was classified as an 
“irritant”, the classification for this chemical was subsequently 
confirmed by reviewing the BCOP BRD data as to whether the 
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chemical was a non-severe or severe irritant. If the BCOP clas-
sification was “severe”, the chemical was considered GHS Cat. 
1. For those chemicals whose classifications were “non-severe”, 
these were considered to be GHS Cat. 2.

The STE rankings of 1, 2 and 3 correlated well with the GHS 
rankings of NI, Cat.2, and Cat.1, respectively, for the chemicals 
evaluated with the Ste test. Furthermore, the accuracy of pre-
dicting the GHS rankings was slightly improved when the tiered 
approach combination of Ste test and BCOP assay was used. 
the improved accuracy was attributed both to the higher spe-
cificity of the STE test and the higher sensitivity of the BCOP 
assay after screening out the chemicals classified as NI by STE. 

Moreover, the underprediction rate was markedly-improved 
when this tiered approach was used. therefore, the bottom-up 
approach combination of the Ste test followed by the BCOP 
assay might improve the accuracy of predicting the eye irrita-
tion potential of chemicals in vitro. From these results, the tiered 
approach of combining the data analysis of the Ste test and 
BCOP assay might be a promising alternative eye irritation test 
strategy.

Reference
takahashi, Y. et al. (2008). toxicol. In Vitro 22, 760-770.

Cutaneous wound healing involves interactions between der-
mal fibroblasts and epidermal keratinocytes, as well as cell and 
extracellular matrix interactions. this poster describes wound 
healing experiments conducted with a full-thickness in vitro hu-
man skin model (epiDerm-Ft™). 

Normal human epidermal keratinocytes (KC) and dermal fi-
broblasts (FB) were cultured to produce the highly differenti-
ated full-thickness skin model. Small wounds of several mm 
diameter were induced in the epithelial model by means of a 
battery operated cauteriser or a dermal biopsy punch. Biopsy 
punches were used to produce wounds that removed only the 
epidermis. The wounded EpiDerm-FT™ cultures were fixed 
at various time points and H&E stained paraffin sections were 
prepared to evaluate the wound and the wound healing process. 
QPCR arrays were utilised to evaluate gene expression changes 
occurring during the wound healing process. 

Immediately after burn wounding, necrotic epithelium and 
denatured collagen dermal matrix were evident. Within one day, 
the denatured collagen matrix began to degrade and epithelial 

KC were observed migrating inward from the wound edges. 
Over a time course of seven days, migrating KC repopulated 
the wounded area to form a fully covered epithelium. Dermal 
fibroblasts were also observed to be proliferating within the 
wound area and generating new dermal matrix material. these 
wounds also healed within a timeframe of 3-7 days. Increased 
FB proliferation in dermal areas directly adjacent to migrating 
KC was observed. Gene expression profiling of the wounded 
area showed temporally regulated increases in mRNA expres-
sion of basement membrane components, collagens and genes 
involved in extracellular matrix remodelling. FB proliferation 
and epidermal healing were severely impaired in the presence 
of an EGFR tyrosine kinase inhibitor or a TGFα neutralising 
antibody. 

these results demonstrate that epiDerm-Ft™ is a useful 
animal alternative in vitro human skin model for investigating 
dermal-epidermal interactions during wound healing and evalu-
ation of the role of specific growth factors or new therapeutics 
in the dermal wound healing process
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The EpiDerm-FT™ full-thickness in vitro human  
skin model: an animal alternative  
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Determination of airway irritation potential is an international 
regulatory requirement to ensure safe handling, packaging, label-
ling, use and transport of chemicals, cosmetics and household 
products. Recent ReACH legislation has heightened the need for 
validated in vitro airway models for toxicity testing. In vitro deter-
mination of airway irritation and toxicity potential is problematic 
since traditional submerged monolayer cell culture systems are 
not amenable to in vivo-like vapour phase dosing. Organotypic 
air-liquid interface airway models more adequately reproduce in 
vivo morphology and are more amenable to vapour phase dosing 
since the apical surface is exposed to the atmosphere. However, 
simple and reliable dosing methods that are applicable to a broad 
range of chemicals and correlation of in vitro results to in vivo 
irritation/toxicity potential are still lacking. Here we describe a 
simple and reliable vapour cup method for in vitro dosing of the 
epiAirway™ organotypic in vitro human culture model. 

Liquid test chemical solutions are applied to a fibre pad 
contained within the vapour cup, and the cup is then inverted 

onto the tissue culture insert to form a sealed vapour phase 
exposure system. Dose response experiments are conducted to 
determine eC50 concentrations for toxicity responses, includ-
ing loss of culture viability, loss of transepithelial electrical 
resistance or release of inflammatory mediators such as IL-8. 
eC50 concentrations were correlated with OSHA established 
Permissible exposure limits (Pel) and Immediately Danger-
ous to life and Health (IDlH) concentrations. 

toxicity responses of the epiAirway™ model to eight 
volatile chemicals including formaldehyde, acetic acid, allyl 
alcohol, ethyl formate, isoamyl alcohol, tetrachloroethylene, 
choroacetaldehyde and acetone were evaluated with the va-
pour cup method. A correlation coefficient of r2 = 0.8029 was 
obtained. 

Further testing and refinement of the EpiAirway™ vapour 
cup method may provide a useful method for in vitro airway 
toxicity/irritation determination.

Keywords: airway toxicity, airway irritation

testing for developmental neurotoxicity (DNt) is a key element 
in the toxicological portfolio of a compound and triggered DNt 
studies are recommended under ReACH. this situation will 
considerably increase the number of laboratory animals used in 
chemical safety testing. Validated alternative methods for DNt 
testing are currently not available. thus, standardised, predictive 

screens for the evaluation of DNt need to be established with 
the ultimate goal of increased efficiency in terms of reduced 
animal use and higher throughput compared to whole-animal 
testing using existing guidelines. Mouse embryonic stem cells 
(meSCs) are pluripotent cells with an unlimited capacity for 
differentiation and thus provide an attractive cellular system for 

Lecture in Session VIII: Reproductive toxicology and stem cells

Mouse embryonic stem cells in developmental  
neurotoxicity testing:  
aiming at higher throughput and specificity
Katrin Hayess, Birgitta Slawik, Ralph Pirow, Andreas Luch and Andrea Seiler
Federal Institute for Risk Assessment (BfR) (Berlin) (De)

Contact: Katrin.Hayess@bfr.bund.de
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in vitro studies in developmental biology as well as toxicology. 
In a previous study we demonstrated that these cells differen-
tiate efficiently into neural cells, including neural progenitors, 
neurons, astrocytes, oligodendrocytes and radial glial cells, and 
might have the potential to develop into functionally active net-
works. therefore, meSCs offer the opportunity to study adverse 
effects on neural cell development after exposure to toxic com-
pounds in an in vitro setting. 

Murine ESCs (line D3) were differentiated into neural cell 
types. Proliferation in differentiating and undifferentiated stem 
cell cultures was determined using a BrdU-elISA system with 
a chemiluminescence read-out. Cell viability was analysed as 
the ability of the cells to reduce resazurin into the fluorescent 
product resorufin. For quantification of neuron differentiation 
the expression of the neuron-specific marker protein beta-III tu-
bulin was assessed in a new cell-based elISA method, which 
we developed specifically for this purpose.

Recently, we developed an in vitro test method suitable to 

assess adverse effects of chemicals and other compounds on 
neural development. Molecular and mechanistic endpoints for 
differentiation and proliferation were successfully established. 
Furthermore, our model seemed applicable to detect a diverse 
group of positive and negative developmental neurotoxicants. 
However, it also turned out that the detection of specific neu-
rodevelopmental effects depends on the exposure regimes used. 
therefore different exposure regimes, along with the selected 
set of positive and negative developmental neurotoxicants, were 
evaluated. In this way we were able to establish the most specific 
and predictive endpoints for DNt testing in our model, clearly 
separating specific DNT effects from general cytotoxicity.

the meSC model represents a useful component in an in 
vitro testing strategy for developmental neurotoxicity. the tools 
described here provide the possibility for a higher throughput 
and for the detection of developmental neurotoxic effects with 
increased specificity, thus facilitating application in extensive 
chemical testing.

Keywords: in vitro test method, developmental neurotoxicity, embryonic stem cells, higher throughput, chemical testing
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Generation of antibodies in vitro:  
no living cells required
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Antibodies can be selected in vitro from a large DNA library 
using display technologies without animals. this is achieved by 
linking the genotype (DNA or mRNA) to phenotype (protein) 
in the display methods, which allows isolation of the genetic 
material via functional selection of the protein it encodes. the 
genetic material can then be used for further manipulation, such 
as DNA sequencing and expression. Repeating the process fa-
vours the enrichment of high affinity molecules, leading to iso-
lation of improved molecules when DNA mutagenesis is used 
(Hoogenboom, 2005). 

Ribosome display is an in vitro display technology which is 
widely used for antibody generation and optimisation. In ri-
bosome display, individual antibodies (phenotype) are linked 
to their encoding mRNAs (genotype) through the stalling of 
translating ribosome in a cell-free system. the formation of 
antibody-ribosome-mRNA complexes permits simultaneous se-
lection of the displayed antibody together with its correspond-
ing mRNA, which is recovered as DNA by Rt-PCR (He and 
Khan, 2005). As a cell-free system without cell transformation, 

ribosome display overcomes the size limitation encountered by 
in vivo display methods. Consequently, it screens larger librar-
ies (>1012 members) and enables continuous search for newly-
expanded diversity between display cycles. the latter feature 
provides an efficient route for in vitro protein evolution, gener-
ating novel antibody combining sites which are not possible by 
in vivo methods. 

However, the current ribosome display procedure still requires 
E. coli expression after the selection for screening of desirable 
molecules. this laborious process often causes loss of selected 
antibody candidates. In order to bypass the bacterial cloning 
step and generate antibodies in a fully in vitro manner, we have 
developed an ultra-sensitive Rt-PCR procedure, making it pos-
sible to amplify individual molecules from ribosome complexes 
as “PCR clones”. Using a cell-free expression system, these 
“PCR clones” can be directly expressed for functional screen-
ing. By integrating these procedures, we are able to generate 
specific antibodies starting from a PCR library without use of 
any living cells. 
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Recently it has been suggested that besides reproduction and 
thyroid function, also other pathways of the endocrine system 
could be affected by environmental pollutants. Compounds 
that affect the endocrine regulating systems of the energy me-
tabolism could cause fundamental problems (e.g. diabetes, 
obesity, wasting syndrome, etc.) and thus could have profound 
consequences at higher levels of biological organisation and 
species survival.

In this study we evaluate effects of environmental pollutants 
on insulin metabolism, which is central in energy homeosta-
sis regulation. epidemiological studies have shown that com-
pounds such as phthalates (Stahlhut et al., 2007), perfluoro-
alkyl chemicals (lin et al., 2009), dioxin-like compounds 
(Remillard and Bunce, 2002), brominated flame retardants 
(lim et al., 2008), etc. could be correlated to the prevalence 
of diabetes and other metabolic diseases. Since these toxicants 
are ubiquitously present and tend to accumulate in humans and 
because toxicity data are often missing or incomplete, these 
compounds are studied with regard to their effect on insulin 
secretion (of pancreas β-cells) and insulin signalling/insulin 
sensitivity (in hepatocytes).

In practice, these environmental pollutants are first screened 
for their ability to disrupt insulin secretion using the INS-1 
832/13 pancreas β-cell model. Secondly, after characterisa-
tion of dose-response and acute/chronic exposure effects on 

insulin secretion and cell growth stimulating effects using flow 
cytometric cell cycle analysis, the most potent congeners are 
selected. thereafter, these compounds are investigated with 
microarray analysis to unravel the mechanisms underlying the 
observed effects. thirdly, these results are compared to expres-
sion profiles obtained from similar exposure studies in primary 
pancreatic β-cells. 

to evaluate if the selected congeners are able to interfere not 
only with insulin secretion, but also with insulin signalling, a 
hepatocyte cell line (H4IIe) previously shown to have a rep-
resentative insulin response is exposed. Using physiological 
endpoints such as cell growth (flow cytometric cell cycle anal-
ysis), gluconeogenesis (repressed by insulin in H4IIe cells) 
and gene expression (real-time PCR analysis) of marker genes 
for insulin action, the potency of compounds to interfere with 
the response of hepatocytes to insulin is estimated. 

this study evaluates the potential of pollutants to interfere 
with insulin metabolism. Because changes in insulin secretion 
and decreased insulin sensitivity resulting in insulin resistance 
is central in the pathology not only of diabetes, but also obes-
ity, metabolic syndrome, etc., it is clear that evaluation of both 
effects on insulin secretion and insulin signalling are important 
steps towards a better understanding of the epidemiologically 
made correlation between environmental pollutants and meta-
bolic diseases.

Keywords: ribosome display, antibody generation in vitro, cell-free expression

Using progesterone as the antigen, we have shown that a 
panel of high affinity anti-progesterone antibodies were rapidly 
isolated from a large PCR antibody native library in two weeks 
through a single round of ribosome selection, followed by “in 
vitro PCR cloning” and cell-free expression. DNA sequencing 
has confirmed the identity of the in vitro cloned antibodies and 
biochemical analysis showed the successful isolation of anti-
bodies highly specific to progesterone.

In summary, we have demonstrated a rapid procedure for gen-
eration of recombinant antibodies in a fully cell-free manner. 
the method offers advantages over existing techniques in terms 

of speed and efficiency. In addition, it can potentially be adapted 
for automation or a high throughput procedure for large scale 
production of antibodies. Although only antibodies were tested, 
this approach should be generally applicable for other proteins. 
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Our aim is to develop a rapid in vitro method to assess the 
effects of chemicals on the human reproductive system, in-
cluding potential endocrine disrupting compounds. For that 
we compared the applicability of three different cell types, 
focusing on both estrogen receptor mediated effects and ster-
oidogenesis. A human cell based model has a great advan-
tage over animal cell based models because species-specific  
differences can be avoided.

three cell lines, H295R, KGN and MSF-7, were chosen 
to compare the effects of known chemicals. H295R is a hu-
man adreno-carcinoma cell line which expresses estrogen  
receptor α (ERα) and β (ERβ) and all the enzymes of the 
steroidogenic pathway. KGN is an ovarian granulosa carci-
noma cell line which expresses mainly ERβ and is considered 

a useful model for exploring the regulation of steroidogen-
esis. the results from these two cell lines will be compared to  
literature data from the widely used MCF-7 cell line. the  
cells were exposed to well known estrogenic compounds 
ethinyl-estradiol (ee2), bisphenol-A, genistein and  
4-nonylphenol. the selected endpoints were cell viability,  
proliferation as well as regulation of steroidogenesis and gene 
expression. 

Results received so far from H295R and KGN cell tests showed 
only a slight increase in steroidogenesis related gene expression 
levels after exposure to EE2. ERα and ERβ gene expression lev-
els were equal or below those of the reference gene in both test 
systems after exposure to ee2 concentrations that did not affect 
cell proliferation or viability. the study is ongoing. 

Keywords: in vitro test, endocrine disrupters, alternatives, reproductive toxicity
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the development of alternative in vitro sensitization assays 
is necessary since european legislation requires reduction/re-
placement of animal testing wherever possible. Currently it is 
widely assumed that a multi-component tiered testing strategy is 
needed in order to address the key stages of the immunological 
mechanisms underlying the induction of skin sensitization. For 
some low-molecular weight chemicals (i.e. prohaptens) meta-
bolic activation is needed to react with proteins as an initial step 
in skin sensitization. this metabolic activation step has been in-
tegrated in a cell-free protein binding (peptide reactivity) assay 
by using an enzymatic oxidation system. However, screening 

assays which consider phase I and II metabolism based on cell 
lines are still missing. therefore, we are evaluating the meta-
bolic competence relevant for skin sensitization in a co-culture 
system with primary antigen presenting cells and keratinocytes 
using the cell lines tHP-1 and HaCat. 

Preliminary results indicate that after exposure of HaCat 
cells to inducers of phase I and II enzymes they were able to 
bioactivate per se non-reactive chemicals. thus, HaCat cells 
are considered suitable for displaying the metabolic part in a 
cell-based co-culture assay for the prediction of the sensitiza-
tion potential of prohaptens.
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Where substances are intended for use in personal care products 
applied to the skin, an assessment of potential phototoxic hazard 
is required. the initial test is the measurement of a UV/visible 
absorption spectrum to identify absorption at relevant wave-
lengths, followed by an in vitro assay for phototoxicity, the Balb 
3T3 neutral red uptake phototoxicity test (OECD 432). How-
ever, this test has its limitations, as non-hydrosoluble chemicals 
can be tested only at low concentrations, owing to their lack 
of aqueous solubility, and also many complex mixtures or for-

mulations cannot be tested. Consequently, it does not take into 
account the bioavailability of test chemicals topically applied to 
skin and in many cases e.g. after having a phototoxic effect in 
this test system, such information is required. 

to overcome these limitations, the use of reconstructed skin 
models is an interesting alternative and a useful follow-up test. 
In the present study the eSt1000 skin model (Cell Systems, 
Germany) has shown its ability to correctly classify standard 
controls for phototoxic investigations, such as chlorpromazine, 
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and showed a remarkable resistance to UV radiation. Follow-
ing this characterisation, different chemicals, selected based on 
their results in the NRU phototoxicity test and their bioavail-
ability to skin, were investigated in the human skin model. 

the obtained data indicate that the eSt1000 model is a use-
ful model for the prediction of phototoxicity and also useful as 
a follow-up test.

Lecture in Session III: Skin sensitisation and eye irritation 

Assessment of chemical skin sensitizing potency by  
an in vitro assay based on human dendritic cells
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the skin sensitizing potential of chemicals is an important concern 
for public health and thus a significant endpoint in the hazard iden-
tification process. However, skin sensitization is not an all-or-none 
phenomenon and up to now the assessment of relative potency can 
only be derived using the in vivo local lymph node assay (llNA). 
In this presentation we analyse the feasibility to predict the sen-
sitizing potency, i.e. the LLNA EC3 values, of 15 skin sensitiz-
ers using in vitro data from our gene expression assay based on 
CD34+ progenitor-derived dendritic cells (VItOSeNS®). Hereto, 
we extended the gene expression dataset by an additional source of 
information, the concentration of the compound that causes 20% 
cell damage (IC20). We applied a robust linear regression with both 

IC20 and expression changes of the genes CReM and CCR2 as 
explanatory variables. For 13 out of 15 compounds, a high lin-
ear correlation was established between the in vitro model and the 
LLNA EC3 values. The correlation holds over a range of 4 orders 
of magnitude, i.e. from weak to extreme sensitizers, and shows that 
in vitro data can be important in alternative potency prediction. 
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the development of in vitro model systems for the skin is es-
sential for basic and applied research in skin care owing to the 
increased awareness of the 3Rs concepts and the European 
Community ban on animal testing for cosmetics. Cultured hu-
man skin explants have been used for epidermal biology and 
for cancer research for more than 50 years. However, many of 
them have poor dermal metabolic activity and their tissue archi-

tecture is compromised. the goal of our studies was to develop 
and validate an in vitro model system that best represents the 
physiological complexity of skin with the structural integrity 
of the epidermis, dermis and subcutaneous fat layers, and their 
metabolic activities. 

Full-thickness human skin biopsies, obtained with informed 
consent from healthy donors undergoing abdominal surgery, 

Keywords: phototoxicity, in vitro models, new methods
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were cultured under various culture parameters to identify opti-
mised conditions for skin explants culture. We developed human 
skin explants culture of all three compartments with structural 
integrity and metabolic activity and utilised it for studying skin 
biology and for evaluating dermatological agents for biologi-
cal activities via both systemic and topical treatments. We have 
identified biomarkers for epidermal, dermal and subcutaneous 

adipose functions that enable a quick but thorough evaluation of 
the effects of agents on pigmentation, skin aging, and lipid me-
tabolism. the skin explants system was validated using known 
cosmetic, skin care active agents. 

In summary, a skin explants system that is viable and meta-
bolically active was established to improve our understanding of 
mechanistic skin biology and to predict the efficacy of agents.

Keywords: human skin explants, in vitro alternative, cosmetics, efficacy testing
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Following parenteral administration of fluoroquinolones, signif-
icant quantities of these antibiotics are found in the intestinal lu-
men. Although many studies described an active elimination of 
human use fluoroquinolones, few experiments studied the intes-
tinal elimination of veterinary use fluoroquinolones. The objec-
tive of this study was to determine the mechanisms responsible 
for the trans-epithelial elimination of the enrofloxacin, a vet-
erinary fluoroquinolone. We conducted pharmacokinetic studies 
on the in vitro intestinal barrier model, the Caco-2 monolayer. 
this model is commonly used to mimic the intestinal epithelial 
barrier in drug research centres. 

Caco-2 cells were seeded in 12-well insert plates and, after 
21 days confluence, bidirectional (apical to basal and basal to 
apical) transport experiments were conducted. eleven con-
centrations of enrofloxacin (5, 10, 25, 50, 100, 250, 500 µM  
and 1, 2.5, 5 and 10 mM) were tested for 90 minutes. enro-
floxacin concentrations in both compartments were quantified 
by HPlC-UV. For both transport experiments, apparent per-
meability for enrofloxacin was determined as follows: Papp =  

(V x dC)/(dt x A x C0). therefore, the apparent basal to apical 
permeability/apparent apical to basal permeability ratio was cal-
culated (Pappb-a/Pappa-b). 

The enrofloxacin concentration in the donor compartment 
significantly (P < 0.001) affected the Pappb-a/Pappa-b ratio. 
Indeed, compared to the lowest concentration (5 µM), the ratio 
was 50% (P < 0.05) lower at the highest concentration (10 mM). 
This ratio was also significantly greater than 1 (P < 0.05) for 
concentrations of 5 and 10 µM (45% and 34% respectively), 
whereas it was significantly lower than 1 (P < 0.05) for con-
centrations ranging from 50 µM to 10 mM, except for 250 and  
500 µM concentrations. These results indicated a greater appar-
ent basal to apical permeability (Pappb-a) compared to the ap-
parent apical to basal permeability (Pappa-b) at low concentra-
tions; this relationship reversed at the highest concentrations. 

the differences observed being low, we could not conclude 
an active elimination. The intestinal elimination of enrofloxacin 
may mainly be due to passive diffusion, a fast saturable active 
transport mechanism may also exist, but with low impact.



AbstrActs Linz 2010

Altex 27, Suppl. 2/10 59

Keywords: microcystin, Caco-2, integrity of the intestinal barrier, TEER, Lucifer Yellow

Poster 

Effects of microcystin LR on the integrity  
of the in vitro Caco-2 intestinal barrier model
Antoine Huguet, Jérôme Henri, Aurore Besson and Valérie Fessard
French Food Safety Agency (Fougères cedex) (FR)

Contact: a.huguet@afssa.fr

Cyanobacteria are freshwater prokaryotic microorganisms 
among which some species have been recorded to produce tox-
ins called cyanotoxins. Oral ingestion of contaminated food and 
water is a public health concern for humans. In this case, the 
intestine is one of the first organs exposed to cyanotoxins. The 
cyanotoxin microcystin lR (MC-lR) is known to be the most 
toxic variant of the microcystin family in rodents. However, in-
formation on its effects on the intestinal epithelium is limited. 

therefore, we investigated the effects of MC-lR on the in-
tegrity of the Caco-2 monolayer commonly used as an in vitro 
intestinal barrier model. Caco-2 cells were seeded into 12-well 
insert plates and, after 21-days confluence, apical exposure of 
the monolayer to MC-lR was conducted. Four concentrations 
of MC-LR (1, 10, 50 and 73 µM), a solvent control (ethanol 

2.7%) and an alteration control (eDtA 10 mM) were tested. 
After 0.5, 1, 2, 4, 6 and 24 hours, integrity of the Caco-2 mon-
olayer was measured both by the transepithelial electrical re-
sistance (teeR) parameter and by the apparent permeability 
(Papp) of Lucifer Yellow (400 µg/ml, 3 hours incubation). 

Whereas the positive control EDTA significantly (P < 0.001) 
disrupted monolayer integrity, neither MC-lR nor solvent 
conditions induced Caco-2 integrity alteration, even after 24h  
exposure. 

therefore, further experiments on intestinal permeability of 
MC-lR can be investigated with the Caco-2 monolayer model 
within the same MC-lR concentration range and up to 24 h 
without affecting the cell monolayer integrity.

Keywords: in vitro test method, developmental osteotoxicity, molecular endpoints, murine embryonic stem cells,  
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to assess the adverse effect of a substance on the developing em-
bryo, animal experimentation is employed. Approximately half 
of the tested compounds are found to cause detrimental skeletal 
damage. therefore, an in vitro assay with the capacity to predict 
developmental osteotoxicity would be a highly valuable tool to 
reduce animal expenditure.

their capacity for self-renewal combined with their unique dif-
ferentiation potential has led to embryonic stem cells (eSCs) be-
coming an attractive model system to study developmental proc-
esses. the fact that differentiating eSCs recapitulate early stages 

of mammalian development has made them a pivotal screening 
tool to identify potentially embryotoxic substances.

the ZeBet laboratory uses both murine and primate embry-
onic stem cells as models to study osteogenic differentiation on 
a molecular level. Expression profiling of marker genes/proteins 
is employed to identify and establish molecular endpoints indica-
tive of skeletal damage during embryogenesis.

A detailed description of the research strategy and preliminary 
results will be presented at the meeting.
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The identification of cellular stress mechanisms is fundamental 
to understanding the susceptibility of the kidney to chemicals 
and pharmaceuticals and for the development of renal biomark-
ers indicative of sublethal injury. Here, we utilised whole ge-
nome DNA microarrays to uncover common molecular mecha-
nisms of response to nephrotoxin exposure.

Human renal proximal tubular cells (HK-2) were treated 
for 12 h and 48 h with 5 µM cadmium (Cd), 30 µM diquat 
dibromide (Diq) and 5 µM cyclosporine A (CsA). 

Nephrotoxin treatment resulted in alteration of a total of 
4608 transcripts. Ingenuity Pathways Analysis™ revealed the 
anti-oxidant and detoxification Nrf2 pathway as the most sig-
nificantly enriched signalling pathway in the selected dataset. 
Activation of this transcription factor was confirmed as nuclear 
translocation and paralleled the temporal alterations of com-
pound induced H2O2 production. transcriptomics, Western 
Blot and immunofluorescence showed an induction of both 
HO-1 and NQO1 with Cd and Diq exposure, but not with CsA 
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Skin models are used to assess the irritation potential of chemi-
cals. They may have further use in investigating tumorigenesis 
in the skin as well as dermal penetration and absorption of sub-
stances. The metabolic transformation of substances in the skin 
may be crucial for the dermal barrier function but can also fa-
cilitate adverse effects of substances in the skin.

Metabolic capacities of native rat, human and porcine skin 
have been reviewed by Oesch et al. (2007). There is, however, 
less known about the capacities for chemical transformation of 
skin models. The objective of this study was to investigate en-
zyme activities of the epidermal skin model EpiDerm® (Mat-
Tek) and the full-thickness skin model PhenionFT™ (Henkel 
AG) in order to specify a human skin equivalent which is ap-
propriate for toxicological assessments.

Enzyme activities were investigated by incubation of model 
substrates in different concentrations within S9 fractions. Oxi-
dising enzymes included CYP- isoforms and FMO. CYP1A, 2B 
and 3A were estimated by fluorescent resorufin generated from 
ethoxyresorufin (EROD) pentoxyresorufin (PROD) and benzy-
loxyresorufin (BROD), respectively. Benzydamine (BA) was 
used to measure the activity of FMO. The product benzydam-
ine-N-oxide was detected by HPLC- FLD. Catalytic activities of 

the conjugating enzyme NAT was measured by the formation of 
acetylated p-aminobenzoic acid (PABA). UDP- GT activity was 
determined by detection of glucuronated methylumbelliferone 
(MUF) or 4-hydroxybiphenyl (HOBI). Km and Vmax for FMO 
and NAT were calculated using Michaelis-Menten kinetics.

In both skin models, activity of CYP-isoforms were be-
low the detection limit. FMO activity was characterised in 
epiDerm® (Vmax= 3.15-54.69 pmol/min/mg; Km= 300 µM)  
and in PhenionFT™ (Vmax= from 3.9 to 7.2 pmol/min/mg;  
Km= 2000 µM).

NAT activity was also demonstrated in both models with Vmax 
=180.31-1351.92 pmol/min/mg and a Km = 45 µM in EpiDerm® 
and Vmax = 2452-2989 pmol/min/mg and a Km= 50 µM in Phen-
ionFT™. Dermal U-GT activity was just above detection limit 
of about 200 FU/min/mg protein. 

In summary, epiDerm® and PhenionFT™ show certain me-
tabolising capacities. Although catalytic activities differ in the 
skin models, the obtained results are close to data from native 
human tissue. Hence, EpiDerm® and PhenionFT™ represent 
appropriate tools to investigate xenobiotic metabolism. 

We acknowledge the BMBF for funding this project (31P5324).
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Since the year 2004, the Cosmetics Directive prohibits animal 
testing on final cosmetic products and since 2009, with excep-
tions, also on ingredients. this situation underlines the necessity 
to employ alternative techniques in cosmetic toxicology. The 
National Reference Centre for Cosmetics, as an authorised fa-
cility for testing of cosmetics in the Czech Republic, introduced 
in vitro alternatives as a regular part of testing required by com-
petent authorities during in-market control already in the 1970s. 
In the meantime a number of alternative approaches have been 
validated or accepted as valid.

According to the new Regulation (EC) No 1223/2009 on cos-
metic products, the safety assessment should focus in particular 
on local toxicity evaluation (skin and eye irritation), skin sensitisa-
tion, and in case of UV absorption on photo-induced toxicity, tak-
ing into account all significant toxicological routes of absorption. 

The Neutral Red Uptake (NRU) Cytotoxicity Assay accord-
ing to standard INVITTOX protocol No. 46 has been used in 
the past to assess the potential cytotoxic effect of individual cat-
egories of cosmetics. The highest tolerated concentration of the 
product in the cell culture depends on the product formulation, 
particularly on the content of potentially harmful ingredients. 
The cytotoxicity test according to ISO 10993:5 for medical de-
vices is applied also for safety evaluation of other products, e.g. 
toys and children’s products, for which prolonged contact with 
mucous membranes is expected. The effect of active ingredient 
is assessed by means of in vitro tests during new product devel-
opment, aiming to find an optimal non-toxic and highly efficient 
concentration. 

The battery of alternative methods employed comprises NRU 
assay, Neutral Red Release (NRR) assay, 3T3 NRU Phototoxic-
ity Test, reconstructed human skin/corneal models EpiDerm™ 

and EpiOcular™, HET-CAM and determination of skin absorp-
tion in vitro. The alternative methods are routinely performed 
on request for manufacturers as a significant part of safety as-
sessment of their products. Furthermore, they are applied in first 
line in case of consumer complaints of skin/eye irritation before 
human tests are performed, or to prove product quality from dif-
ferent product batches/manufacture sites. 

The results of in vitro tests cannot be utilised in isolation. 
Typically, they are used against a background of a database of 
previously tested or marketed cosmetic products. this relative 
assessment approach comprises combination of historical in 
vivo human data, in vitro data and knowledge of market expe-
rience. the in vitro test systems represent a valuable tool for 
safety and efficacy testing of cosmetics before skin testing in 
human volunteers is performed.
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treatment. Knockdown of Nrf2 by siRNA reduced compound 
induced NQO1 mRNA to basal levels and attenuated toxin in-
duced HO-1 mRNA expression. siRNA knock down of HO-1, 
but not NQO1, enhanced Cd induced H2O2 production and Cd 
induced toxicity. 

Using an unbiased transcriptomic approach we have identified 
the Nrf2 pathway as the most significant signalling response in 
renal epithelial cells challenged with nephrotoxins. This study 
highlights the importance of this pathway and particularly HO-1 
in renal epithelial adaptation to oxidative stress.
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Assuring consumer safety without the generation of new animal 
data is currently a considerable challenge but one that we believe 

is ultimately achievable. Skin allergy (sensitisation) is an important 
consumer safety endpoint for home and personal care products and 
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A number of colorants expected to be safe are widely used in con-
sumer products, foods and feeds. Pigments approved for cosmet-
ics are subject to exclusive regulation in the Cosmetics Directive 
76/768/EEC, Annex IV. However, the available information on 
their safety is largely incomplete, sometimes confusing or con-
troversial. The extent of data frequently does not comply with re-
quirements of the SCCP’s Notes of Guidance for the Testing of 
Cosmetic Ingredients and their Safety Evaluation (2006). 

Our study was focused on the crucial missing toxicological data 
related to local toxicity of selected colouring agents allowed in all 
cosmetic products, in particular those regularly incorporated in 
leave-on products applied on skin areas exposed to sunlight. Color-
ants are obvious photoabsorbers in the UV/vis region and therefore 
phototoxicity assessment should be considered a prerequisite for 
their safe use in consumer products, particularly cosmetics. 

In a group of selected cosmetic colorants 4 out of 13 substances 
exhibited a phototoxic effect identified by means of the in vitro 3T3 
NRU Phototoxicity Test. The positive results were confirmed by 
a phototoxicity assay on a reconstructed human epidermis model 
(EpiDerm™) reflecting the intended topical skin exposure. Sub-
stances exhibiting positive phototoxicity were subjected to further 
evaluation regarding skin penetration and possible mutagenic ef-
fects. The employed assays comprised evaluation of skin absorp-
tion in vitro, reverse mutation test using bacteria (Ames test) and an 
in vitro mammalian chromosome aberration test. DNA fragmenta-
tion after irradiation of NIH3T3 cells was studied by means of sin-

gle cell gel electrophoresis in vitro (Comet assay). the production 
of reactive oxygen species (ROS) was detected in cell culture of 
NIH3T3 cells and investigated using molecular probe CM-H2D-
CFDA in combination with fluorescence microscopy/fluorimetry. 

Missing toxicity data for a number of allowed cosmetic colorants 
should be completed so that their possible hazard can be taken into 
account when safety assessment of finished cosmetic formulations 
is performed. Although used in low concentrations, the positive 
findings suggest that hazardous colorants exhibiting phototoxicity 
and/or mutagenicity potential may contribute to adverse skin re-
actions and/or body systems diseases, e.g. phototoxicity, photoal-
lergy or even photocarcinogenicity. 
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Valuable toxicological data published in the Russian language 
are difficult to access for the non-Russian audience owing to 
the language barrier as well as poor digitalisation of these jour-
nals. However, this information can be beneficial for the EU 
chemical policy REACH, where new animal tests may only be 
conducted as a last resort and all available existing test data on 
substances must be gathered and assessed first. Sufficient previ-
ous information would allow the use of non-testing information 
for regulatory decision making. 

The EU FP6 project OSIRIS (http://www.osiris.ufz.de/) is 
working on integrated testing strategies (ITS) for the hazard 
evaluation of industrial chemicals. One of the tasks of the group 
of Dr. Anne Kahru (NICPB, Estonia) in OSIRIS is to create a 
web-based database called “E-SovTox” (http://kbfi-databases.
eu/database/). This is a result of the search and selection of 
REACH-relevant toxicological literature from Russian language 
scientific journals published during the Soviet era and available 
in Estonian libraries as hard copies, to simplify the acquisition 
of toxicity data on chemicals from Russian data sources. 

The main source of information – Journal Gigiena truda i 
professional’nye zabolevaniia (Industrial hygiene and occupa-
tional diseases) – involves acute but also chronic toxicity data 
for various industrial chemicals and preparations. Articles in-

clude mostly data on lD50 values, skin and eye irritation, skin 
sensitization and cumulation. As a rule, rats, mice, guinea pigs 
and rabbits were exposed via various exposure routes to derive 
the maximum allowable concentration values for industrial 
chemicals in the occupational health settings of the former So-
viet Union. 

As an example of the number of animals used in some  
experiments: 180 white rats (180-240 g), 130 white mice (18-
24 g) and 40 rabbits (2-2.5 kg) were used to derive a maximum 
allowable concentration for benzonitrile (CAS nr 100-47-0) in 
the working area air (Agaev, 1977). As a rule, in addition to the 
lD50 values the articles include anatomy, histopathology, en-
zymatic and blood-component analysis and various additional 
physiological parameters – information that might be informa-
tive for industrial toxicologists and/or authorities in charge of 
the chemical safety dossiers for REACH. 

Currently, the E-SovTox database contains data selected from 
more than 500 articles covering more than 600 chemicals. The 
user is provided with main toxicity information as well as ab-
stracts in Russian and in English (if provided in the original 
paper). The search engine allows the user to search either by 
type of compound (inorganic or organic), compound name, 
CAS number or author of the data source as well as keyword. 

an endpoint where animal data (e.g. mouse local lymph node assay 
data) are often needed to inform risk assessments. We are investigat-
ing a number of in vitro approaches to model key events in the biol-
ogy of skin sensitisation including dendritic cell activation. 

In this study, transcriptomic analysis was used to examine the 
ability of a dendritic cell (DC) activation model using cultured DCs 
(MatTek DC-100), derived from CD34+ progenitor cells, to differ-
entiate between sensitisers and non-sensitisers. DCs, obtained from 
four separate individuals, were exposed to five sensitisers and five 
non-sensitisers for one hour, followed by 24 h recovery (established 
from an initial time course using the sensitiser dinitrochlorobenzene 
(DNCB)), at concentrations giving a cell viability of 85%. RNA was 
extracted, quantified and analysed using the Agilent Whole Human 
Genome Microarray platform. The results of this analysis were then 
further examined using GeneSpring and Metacore analysis software. 

Principle Component Analysis (PCA) showed discrimination be-
tween sensitisers and non sensitisers on the basis of gene expression 
changes, and further, selectivity between non-sensitisers exhibiting 

reactive and non-reactive chemistry was also indicated. Approxi-
mately 1900 genes with altered expression, as measured by a greater 
than 1.5 fold change with parametric test (variance not assumed to 
be equal) value of p<0.05, were identified as relevant to sensitisation 
status. Metacore analysis was used to map altered genes to molecular 
pathways relevant to DC maturation (for example, cytokine-cytokine 
receptor interactions, complement and coagulation cascades, toll-
like receptor signalling pathway). Analysis of the initial DNCB time 
course also showed DC maturation to be a time-dependent process. 

Use of Metacore has provided molecular insights that can be 
used to underpin the reported cellular events (for example antigen 
processing and presentation, DC migration) and in addition provided 
insight into the model used. 

These data have provided a source of potential new biomark-
ers to aid in future studies of DCs as part of a weight of evidence 
model that could be used to generate hazard characterisation data 
capable of informing future consumer safety risk assessment deci-
sions in skin allergy.
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At nano-scale materials have different or enhanced properties 
compared with the same materials at larger sizes owing to in-
creased relative surface area, reactivity and the dominance of 
quantum effects. The changed properties may include increased 
bioavailability and toxicity (Nel et al., 2006). Although nanote-
chnological industries are rapidly developing, little is known 
about the potentially harmful effects and the mechanisms of 
nanomaterial toxicity, especially concerning environmentally 
relevant test organisms (Kahru and Dubourguier, 2010; Kahru 
and Savolainen, 2010).

We have developed a combined ecotoxicological-biosensor 
approach for the high-to-medium-throughput evaluation of the 
toxic effects and profiling of the toxicity of synthetic nanopar-
ticles (NPs). The current presentation will focus on effects of 
chemical composition and size/structure of metallic NPs to 
various aquatic organisms. Several particle-ingesting (protozoa, 
daphnids) and particle-“resistant” model organisms (unicellular 
algae, bacteria, yeast) were chosen for the toxicity studies in 
acute and chronic exposure settings. ZnO, CuO, TiO2 NPs and 
their respective bulk analogues as a control for size-related ef-
fects were used as model compounds as were Ag-NPs. Structur-
al properties of particles were described by SEM and TEM, and 
specific surface area by BET. For explanation of the (eco)toxi-
cological effects soluble salts of Zn2+, Cu2+ and Ag+ were also 
analysed. Solubility of metallic NPs was evaluated by quantify-
ing the metal ions by recombinant luminescent metal sensing 
bacteria (Kahru et al., 2008; Heinlaan et al., 2008; Ivask et al., 
2009). With few exceptions the solubility was the key determi-
nant of the toxicity of metallic NPs (Kahru and Dubourguier, 
2010). ROS-production as a mechanism for toxic action was 

demonstrated for some organisms for Ag-NPs and CuO-NPs as 
well as for Cu-ions. We also present some data on the toxicity of 
organic NPs - fullerenes and PAMAM dendrimers. 

This talk will summarise the nanoecotoxicological research 
made in my group (NICPB, Estonia) during the past five years.

 
We dedicate this presentation to our colleague also involved in 
this work, Prof. Henri-Charles Dubourguier, who passed away 
recently.
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The search by keyword is performed simultaneously in all fields 
of the database (incl. text of the abstracts). The demo-version of 
the database (http://www.kbfi-databases.eu/) will be presented. 

This research is part of the EU 6th Framework Integrated Project 
OSIRIS (contract no. GOCE-ET-2007-037017). We dedicate 
this presentation to our colleague involved in this work, Prof. 
Henri-Charles Dubourguier, who passed away recently.
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Lack of metabolic activity is one of the drawbacks of many in 
vitro assays. It still represents a major challenge to supplement 
existing in vitro methods with biotransformation systems. To 
estimate the amount of parent compound that needs to be con-
verted into its major metabolite before affecting the outcome in 
the embryonic stem cell test (EST) we mimicked bioactivation 
by testing fixed combinations of selected chemicals with their 
respective teratogenic metabolite. Effects of parent compound/
metabolite pairs were assessed separately and in combination at 
ratios of 80:20 and 50:50, thus mimicking incomplete bioactiva-
tion in the range of 20 and 50%, respectively.

the eSt is an in vitro test to predict the embryotoxic potency 
of test substances based on differentiation of murine embryonic 
stem cells (meSCs) into contracting cardiomyocytes. In addi-
tion, cytotoxic effects on stem cells and 3T3 fibroblasts are be-
ing monitored. The EST was validated in an ECVAM validation 
study and showed a very good correlation between in vitro and in 
vivo data with an overall accuracy of 79%. In this study valpro-
mide (VPD), retinol (ROH) and albendazole (ABZ) were chosen 
as parent compounds together with their metabolites, i.e. valproic 
acid (VPA), all-trans retinoic acid (RA) and albendazole sulfox-
ide (ASO), respectively, and all were tested for their effects on 
mESC differentiation and cytotoxicity.

The active metabolite VPA was 12-times more potent to inhibit 
differentiation into contracting cardiomyocytes compared to its 
parent, VPD, while no such significant differences were detected 

on the half-maximal cytotoxic concentrations (IC50) of these com-
pounds. The mixtures showed an increasing potency to inhibit car-
diomyocyte differentiation with increasing VPA concentration.

The well-known teratogen RA was 200- to 300-fold more 
potent in inhibiting cardiomyocyte differentiation and 700-fold 
more potent in reducing cell viability when compared to its 
mother compound, ROH. The 80:20 mixture was 40-times more 
potent than ROH alone. For this compound pair, toxicity became 
apparent when calculated RA concentrations of about 0.5 to 1 
nM were reached in the mixture, which is in the ID50 range of the 
pure substance.

ABZ was more toxic (factor 40) in comparison to its metabolite 
ASO. testing pairs of these compounds, inhibition of differen-
tiation as well as cytotoxicity could be associated with an ABZ 
concentration of about 0.2-0.4 µM. At this level it was no longer 
possible to discriminate between mixtures and ABZ as pure test 
substance.

Our data show that the EST, which itself lacks any metabolic 
competence, can be used as readout for assessing developmental 
toxicity of fixed pairs of compounds and its respective metabo-
lites. In comparison to the parent compounds VPD and ROH, 
their major metabolites were more toxic, while conversion of 
AZB into ASO represents a detoxification step. Due to the ab-
sence of any metabolic activity in mESC cultures the EST was 
capable of sorting out toxic potencies of parent compounds from 
those of their major metabolites.

Keywords: embryonic stem cell test, EST, bioactivation, in vitro method, embryotoxicity
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In many studies dealing with oxidative stress in vitro hydrogen 
peroxide (H2O2) is used as the oxidative stressor. The median 
cytotoxic concentrations (EC50) of H2O2 determined in vitro 

vary widely and range from <10 µM to >1000 µM. Cultured 
cells are known to eliminate H2O2 and other peroxides from the 
culture medium. The concentration of cells in the in vitro system 
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thus must affect the cytotoxicity of peroxides. Using C6 glioma 
cell cultures we examined how the cell concentration influences 
elimination kinetics and cytotoxicity of H2O2 and the organic 
peroxide cumene hydroperoxide (CHP), respectively.

C6 cells were grown for 24 h in different culture plates (96-well 
microtiter plates, 24-well tissue culture plates, 35 mm dishes) and 
then exposed to various peroxide concentrations for a further 24 
h in serum- and pyruvate-free DMEM medium. Cytotoxicity was 
assessed by the MTT assay. The cell concentration was character-
ised by the cell protein concentration (mg/ml) derived from the 
cell protein content and the medium volume in the wells or dishes 
during exposure to the peroxides. The cell concentration was var-
ied either by changing the cell number or the medium volume. 
The concentration of the peroxides in the culture medium was 
measured by the ferrous oxidation xylenol orange (FOX) assay.

Depending on the culture plate and the cell concentration, the 
nominal cytotoxic concentrations (EC50) of H2O2 in C6 cell cul-
tures varied between 10 µM and 1500 µM and of CHP between 
2 µM and 160 µM. The EC50 values increased proportionally to 
the cell concentration. The influence of the cell concentration 
on the cytotoxic potency of the peroxides almost disappeared 

when the amount of peroxide applied to the cell cultures was ex-
pressed as cell dose (nmol/mg cell protein) instead of as nominal 
concentration. From the relationship between EC50 values and 
cell protein concentration median cytotoxic cell doses (ED50) 
in C6 cell cultures of 440 nmol/mg cell protein for H2O2 and of  
90 nmol/mg cell protein for CHP could be calculated. The nomi-
nal peroxide concentrations applied were found to be actually 
initial concentrations, declining immediately after administra-
tion with a rate proportional to the cell concentration. This may 
explain the linear relationship between the EC50 values and the 
cell concentration. The elimination capacity of C6 cells for CHP 
(Vmax = 2.6 nmol CHP/min x mg cell protein) was much lower 
than for H2O2 (Vmax > 260 nmol H2O2/min x mg cell protein). 
This could be the cause of the higher sensitivity of the C6 cells 
to CHP compared to H2O2.

taken together, our results indicate that the cell concentra-
tion substantially affects the rate of peroxide elimination in cell 
cultures and thereby also their nominal cytotoxic concentrations 
(eC50). Therefore, it is recommended to use the cytotoxic cell 
dose (eD50) as measure for the cytotoxic potency of peroxides. 
This would also improve the comparability of in vitro studies.

Keywords: cell dose, cell concentration, hydrogen peroxide, cumene hydroperoxide, cytotoxicity
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In autumn 2007, an international validation study was per-
formed to evaluate the reproducibility and confirm the predic-
tive ability of the EpiDerm Skin Irritation Test (SIT) method. In 
November 2008, ECVAM endorsed the EpiDerm SIT as a full 
replacement method for the in vivo rabbit skin irritation test. As 
reflected in draft OECD guidelines for skin irritation testing, 
US and eU regulators have appropriately maintained that a test 
method must demonstrate reproducibility on an ongoing basis 
so that regulators and commercial end users are assured that the 
assay method is stable and continues to give valid test results 
over time. The purpose of the present study was to investigate 
the reproducibility of the EpiDerm SIT post-validation. 

Over a 7-month period in 2009, 24 independent lots of Epi-
Derm tissue were exposed to 3 irritants (alpha terpineol, hep-
tanal and butyl methacrylate), 3 non-irritants (benzyl benzoate, 
benzyl salicylate and isopropanol) and the positive control 

(sodium dodecyl sulphate) and negative control (Dulbecco’s 
phosphate buffered saline) using the SIT protocol. As per the 
SIT method, tissue viability was determined using the validated 
endpoint (MTT assay) following a single, 60 min exposure and 
42 h post-exposure incubation. 

In all cases, the SIT method correctly identified the irritants 
and non-irritants. Coefficients of variation (CV) between the 
tests (n=24) for the tissue viability for all non-irritants were 
<10%, except for isopropanol (IPA) which had a CV of 11.3%. 
Further study of the IPA results revealed the importance of thor-
oughly rinsing the tissue following the 60-minute exposure (as 
outlined in the SIT method). These results together with quality 
control results for EpiDerm over the past 14 years confirm that 
the EpiDerm SIT method is REACH-ready and compliant with 
the eU 7th Amendment to the Cosmetic Directive. 

Keywords: skin irritation, in vitro, EpiDerm SIT, ECVAM, validation, reproducibility, reconstructed human tissue model
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Over the past three decades, we have witnessed the emergence 
of synthetic biology, its roots can be traced back to the pioneer-
ing work of George Smith and peptide display on filamentous 
phage. In parallel Kary Mullis was developing what we now call 
polymerase chain reaction (PCR), Marc Better and colleagues 
and Arne Skera and Andreas Pluckthun were investigating anti-
body fragment secretion in bacteria. Over in Cambridge, Greg 
Winters group were developing ways to access immunoglobulin 
genes using PCR. The breakthrough came in 1989 when Huse 
and colleagues built on this body of work to effectively use PCR 
to capture a library of immunoglobulin chains encoding Fd and 
light chains and insert them into bacteriophage lambda to create 
the frst combinatorial antibody Fab libray. The following years 

McCafferty and colleagues described how a single chain Fv 
could be fused to the minor coat protein 3 of filamentous phage 
and be selected by affinity. My own work was to take this a stage 
further and demonstrate that it was possible to assemble a Fab 
on the surface of phage using phagemid and to select by binding 
to antigen.With all these tools in place, it has become possible 
to synthesise antibody libraries by chemical methods and create 
artificial antibody libraries and artificial scaffolds. Over the past 
ten years we have seen refinements and incremental advances, 
such as yeast, bacteria and most recently ribosomal display. I 
will present an overview of where we came from and where we 
are going in the field of animal cell free antibody discovery and 
development.
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Methylmercury (MeHg) is an environmental neurotoxicant that 
affects the developing and mature nervous system (Clarkson 
et al., 1988). It has a high association constant (15<pKa<23)  
for -SH groups (Carty and Malone, 1979) and can react with any 
-SH group (Hughes, 1957), leading to conformational changes 
and thus inhibition of many enzymes. However, upon MeHg 
exposure a specific pattern of neurological damage is seen, such 
as in the glutamatergic cerebellar granule cell layer and in the 
GABAergic occipital cortex in human (Choi et al., 1978; Eto, 
1997; Hunter and Russell, 1954; Takeuchi, 1982) and rodent 
brains (Nagashima, 1997). The reason for this selective degen-
eration of certain areas of the nervous system has not been sat-
isfactorily explained. 

We address this issue by comparing the glutamatergic C6 glial 
cell line with the GABAergic B35 neuronal cell line. One of the 
major mechanisms behind MeHg-induced toxicity is the reduc-
tion in the amount of intracellular GSH (Choi et al., 1996; Miura 
and Clarkson, 1993; Sarafian et al., 1994) and augmentation of 
ROS formation (Ali et al., 1992; Gasso et al., 2001; Sanfeliu 
et al., 2001; Sarafian, 1999; Shanker and Aschner, 2003; Sorg 
et al., 1998; Yee and Choi, 1996). MeHg induced changes in 

mitochondrial activity, reactive oxygen species (ROS) and glu-
tathione (GSH) content were measured by MTT reduction and 
fluorescent indicators monochlorobimane (MCB) and -chloro 
methyl derivative of di-chloro di-hydro fluorescein diacetate 
(CMH2DCFDA). The intracellular MeHg content was meas-
ured by high resolution-inductively coupled plasma mass spec-
trometry (HR-ICPMS). 

MeHg treatment resulted in a significant (p<0.05) decrease in 
GSH content and MTT activity and an increase in ROS levels 
in C6 as compared to the control group. However, in B35 cells 
only a decrease in MTT was observed. Additionally, no signifi-
cant differences were noted for intercellular MeHg content in 
C6 and B35 cell line. 

These findings provide experimental evidence that MeHg can 
cause cytotoxicity in certain cell types independent of ROS gen-
eration.
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Various cell, tissue and organotypic models have been employed 
with the aim of evaluating skin and eye irritation hazard using in 
vitro protocols. Special emphasis is currently given to this sub-
ject in Europe under the REACH chemical strategy and the Cos-
metics Directive. The key difficulty in determining the validity 
of alternative in vitro methods is that the in vivo animal or hu-
man data are both scarce and often of limited utility for hazard 
prediction (ECETOC, 1998). Consequently, recently obtained 

human 4 h patch test data generated according to a standardised 
protocol (Jírová et al., 2008) were extended by a number of in 
vitro data related to skin and eye irritation potential. A group of 
selected chemicals employed in previous eU validation studies 
of in vitro methods for skin irritancy classification (Spielmann et 
al., 2007) and a limited number of cosmetic formulations were 
subjected to further in vitro testing. Additional in vitro methods 
(www.ecvam-dbalm.jrc.ec.europa.eu) including Hen’s Egg Test 
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The potential use of stem/progenitor cells as alternative cell 
sources to mature hepatocytes for pharmaco-toxicological test-
ing remains basically dependent on their ability to exhibit some, 
if not all, metabolic liver functions (Najimi et al., 2007). 

In the current study, four major liver functions were in-
vestigated in adult derived human liver stem/progenitor cell 
(ADHLSCs) populations submitted to in vitro hepatogenic dif-
ferentiation: gluconeogenesis, ammonia detoxification, and ac-
tivity of phase I and phase II drug-metabolising enzymes. These 
acquired hepatic activities were compared to those of primary 
adult human hepatocytes, the standard reference. Amino acid 
content was also investigated after hepatogenic differentiation. 

Differentiated ADHLSCs display higher de novo synthesis of 
glucose, correlated to an increased activity of glucose-6 phos-
phatase and mRNA expression of key related enzymes. Dif-
ferentiated ADHLSCs are also able to metabolise ammonium 
chloride and to produce urea. This was correlated to an increase 
in the mRNA expression of relevant key enzymes such as argin-
ase. With respect to drug metabolism, differentiated ADHLSCs 
express mRNAs of all the major cytochromes investigated, 
including CYP3A4 isoform (the most important drug-metabo-
lising enzyme). Such increased expression is correlated to an 
enhanced phase I activity as demonstrated independently using 
fluorescence based assays. Phase II enzyme activity and amino 

Keywords: cosmetics, chemicals, eye irritation, in vitro

– Chorioallantoic Membrane (HET-CAM), Neutral Red Release 
Assay (NRR), Neutral Red Uptake Assay (NRU) and an eye ir-
ritation test using the EpiOcular™ tissue model (MatTek, USA) 
were performed. Human and animal skin/eye irritation hazard 
data (www.mattek.com) were compared with the results of the 
in vitro methods. 

The study revealed that skin irritants with reference in vivo skin 
irritation data are not necessarily eye irritants. Volatile or solid 
materials may be misclassified due to their physicochemical char-
acteristics. The NRR assay may provide false negative results in 
case of substances with a fixative effect, preventing the NR release 
or in case of chemicals absorbing NR not removable by standard 
washing procedure. Microscopic evaluation is recognised as a 
crucial additional endpoint for correct result assessment. HET-
CAM offers valuable results related to conjunctiva. Although 
overpredictive, it provides the lowest false negative rate. The Epi-
Ocular™ assay correctly identified the most aggressive cosmetic 
formulation, in accordance with NRU and NRR results, while 
HET-CAM correctly identified the mildest formulation.

Each of the in vitro methods is related to a separate endpoint 
of ocular irritation and can provide only partial information on 

the mode of action of the tested material. Despite good reproduc-
ibility of individual in vitro assays, only the weight-of-evidence 
approach considering physicochemical and chemical character-
istics of the tested material and results of multiple selected in 
vitro tests can provide an estimation of the ocular effect in vivo. 
the in vitro models for testing of skin/eye hazard seem to be 
useful tools for the prediction of human hazard, particularly for 
consideration of initial concentrations for confirmatory human 
clinical trials to prove absence of local irritative effects and to 
confirm safety of consumer products, e.g. cosmetics.
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Stroke, the clinical manifestation of cerebrovascular disease, is 
the third leading cause of death in the United States and Europe. 
Stroke can now be treated using interventional neuroradiologic 
therapies, which rely on the insertion and navigation of cath-
eters and guidewires through a complex network of arteries to 
restore blood flow. Because the treatment is delivered directly 
within the closed brain, using only image-based guidance, the 
dedicated skill of instrument navigation and the thorough un-
derstanding of vascular anatomy are critical to avoid devastat-
ing complications that could result from poor visualisation or 
poor technique.

Traditionally, basic catheterisation skills are acquired by in-
terventional fellows while performing routine angiograms un-
der the close supervision of an experienced mentor. The skills 
gained during these diagnostic procedures are directly transfer-
able to the execution of endovascular interventions. Interven-
tional procedures on patients or animal models constitute the 
normal training for interventional fellows. One solution to the 
conflict of clinical skill acquisition versus patient safety and 
avoidance of animal models is the use of virtual reality (VR) 

simulation. Such simulators can systematically expose the train-
ee to a broad variety of pathologies in a safe, reproducible envi-
ronment, thereby eliminating the usual randomness of training, 
and allow endovascular fellows to develop basic psychomotor 
skills and fully acquaint themselves with the clinical environ-
ment prior to traditional patient-based mentoring.

The Christian Doppler Clinic in Salzburg uses two simulators 
for physician and student training: the Procedicus-VIST system 
(Mentice Medical Simulations, Gothenburg, Sweden) and the 
AngioMentor system (Simbionix Ltd, Lod, Israel), which are 
multidisciplinary simulators that provide hands-on practice in 
an extensive and completely simulated environment of inter-
ventional endovascular procedures. 

We report our observations that basic psychomotor and pro-
cedural skills can be learnt using simulators. the combination 
of using actual clinical equipment in conjunction with future 
simulator systems with haptic feedback, which is under ongoing 
development, may be directly transferable to the clinical setting 
without animal trials.
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acid levels also show a significant enhancement in differentiated 
ADHLSCs. 

In conclusion, the current study, according to data obtained 
independently in different labs, demonstrates that in vitro differ-
entiated ADHLSCs are able to display advanced liver metabolic 
functions supporting the possibility to develop them as potential 
alternatives to primary hepatocytes for in vitro settings.
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Highly differentiated, organotypic tissue models are being used 
increasingly in lieu of animals to meet regulatory testing require-
ments. The consistent quality of these tissue models is of prime 
importance so that US and eU regulators and industry users can 
be assured that the toxicological system is reproducible both 
during the validation process and afterwards. The purpose of 
this study was to investigate the effects of various tissue culture 
inserts (tCI) on the tissue morphology and reproducibility. 

Tissue culture inserts (TCI) from 5 commercial manufactur-
ers were obtained and standardised culture conditions were used 
to produce the skin (EpiDerm™) and ocular (EpiOcular™) or-
ganotypic tissue models. These models were then subjected to 
quality control (QC) tests which include histological evaluation 
and determination of the exposure time of a common surfactant 
(Triton X-100) that reduces the tissue viability to 50% (ET50). 
In addition, the EpiOcular Eye Irritation Test (EIT) was run us-
ing 26 test articles (21 liquids, 5 solids).

Of the 5 TCI tested, histology of tissues cultured on 2 TCI was 
distinctly different and inferior to the standard tissues, while the 
histology for tissues produced on the remaining TCI were struc-
turally equivalent to the control tissues. The average ET50 for 
EpiDerm produced with the best substitute TCI was 7.64 ±0.95 
hr (n=6) and was not statistically different from that of tissues 
cultured on the control TCI, 7.73 ±0.56 hr (p = 0.79, paired stu-
dent t-test); similarly, the ET50 for EpiOcular cultured on the best 
alternative TCI was 22.6 ±5.0 min (n=5), which was not statis-
tically different from that of the control tissue, 27.2 ±5.0 min  
(p = 0.18, paired student t-test). Finally, use of the best alternative 
TCI in the EpiOcular Eye Irritation Test (EIT) showed no differ-
ences in irritant/non-irritant predictions for 26 organic chemicals. 

The TCI is one of the crucial parameters in producing high 
quality, reproducible, organotypic tissue models but multiple 
commercially available tCI appear to have appropriate proper-
ties.

Keywords: ocular irritation, in vitro alternative, tissue model, EpiOcular
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Photodynamic therapy (PDT) is an alternative treatment meth-
od for certain malign and nonmalign diseases. The cytotoxicity 
results from a combined effect of sensitizer, oxygen and light. 
During these processes the reactive oxygen species (ROS) pro-
duced are among the major agents triggering cell death by ap-
optosis or necrosis. We report the production of reactive oxygen 
species (ROS) and the phototoxicity of ClAlPcS2 assessed us-
ing MCF7 (human breast adenocarcinoma) cell lines. 

Irradiation was achieved with light-emitting diodes  
(670 nm, 10 mWcm-2) at total doses of 10, 25 and 50 Jcm-2. 
Phototoxicity was evaluated by MTT test. ROS measure-
ment was performed using 10 µM 5-(6-)-chloromethyl-2΄,7΄-

dichlorodihydrofluorescein diacetate (CM-H2DCFDA) pro-
ducing fluorescence dye CM-DCF in the presence of ROS. 
Fluorescence of CM-DCF was calibrated according to the fluo-
rescence response of the probe to the addition of external H2O2. 
The production of ROS and the distribution of ClAlPcS2 in 
cells were visualised with an inverted fluorescence microscope 
and image analysis. 

Our results show ROS production in MCF7 cells is dependent 
on the sensitizer concentration of ClAlPcS2 and the dose of ra-
diation. Viability studies show that the optimum phototoxic ef-
fect evaluated on MCF7 melanoma cells was achieved with the 
combination of light doses of 25 or 50 Jcm-2 and phthalocyanine 
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the local lymph node assay, as currently described in the OeCD 
guideline 429, is based on measuring lymph node cell prolifera-
tion by ³H-Thymidine incorporation into the lymph node cells 
(OECD, 2002). Alternative endpoints were evaluated recently 
without a final conclusion on their suitability (Basketter et al., 
2008). We suggest to base the evaluation of cell proliferation 
on measuring the number of cells in single cell suspensions 
produced from the ear lymph nodes (as described by Vohr et 
al., 2000), which proved to be useful for evaluation of LLNA 
results in a multicenter study when the cut-off stimulation index 
(SI) for positive tests was adjusted to reflect the overall range 
of cell count increase (Ehling et al., 2005). The comparison of 
cell count and ³H-Thymidine incorporation in a project examin-
ing the skin sensitizing potency of 13 epoxy resin constituents 
(epoxides and amines) showed very good congruence of test 
evaluation (Gamer et al., 2008).

Here we present additional data from routine studies with a 
variety of chemicals and mixtures proving the correlation of the 
two endpoints. When using an SI of 1.5 for cell count cut-off to 
predict a positive response in CBA/J mice, equivalent estimat-
ed concentrations (ECs) for the prediction of skin sensitizing 
potency are obtained in the majority of cases with both meas-
urements. In addition we present the assessment of alternative, 

non-radioactive llNA endpoints including cell count and im-
munophenotyping based on the test results of the LLNA per-
formance standards as suggested for the updated OECD guide-
line 429.
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ClAlPcS2 at concentrations from 0.5 to 10 µg/ml. This combi-
nation of phthalocyanine and corresponding radiation dose was 
lethal for MCF7 cells. 
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Exogenous substances may bind to the estrogen or androgen 
receptor; this may lead to adverse effects, which are usually cat-
egorised as endocrine disruption. 

Recently, a method to study the binding of substances to the 
human estrogen receptor alpha was adopted by the OECD (test 
guideline 455). This method uses the activation of the human 
HeLa-9903 cell line stably transfected with human estrogen re-
ceptor alpha. In these cells the receptor-ligand complex translo-
cates to the nucleus, where it binds specific DNA response ele-
ments and activates a firefly luciferase reporter gene, resulting 
in increased cellular luciferase activity, which is used for quan-
tification of the receptor activation by luminescence measure-
ment. The assay is used to detect agonistic effects of substances 
on the human estrogen receptor alpha.

In our laboratory we have optimised and validated yeast-based 
assays to detect agonistic and antagonistic effects of substances 

on the human estrogen receptor alpha (YeS) and on the andro-
gen receptor (YAS). Similar to the HeLa assay, the gene coding 
for the human estrogen receptor alpha has been integrated into 
the genome of a yeast strain. Additionally, the yeasts contain a 
plasmid carrying the lac Z gene, which is receptor-dependently 
expressed and serves as a reporter gene. The lactase activity is 
used to quantify the activation of the human estrogen receptor 
alpha. The YES was validated with 105 test compounds and the 
assay is currently used in screening more than 50 substances 
per year.

We have compared the performance of the HeLa cell- and the 
yeast-based assays. Both assays perform similarly, but we prefer 
the yeast assays for their significantly greater robustness and the 
option to study agonistic and antagonistic effects on human es-
trogen- and androgen receptors. Moreover, we successfully in-
tegrated hepatic metabolising activities into the YeS and YAS.

Keywords: estrogen, transcriptional activation, yeast estrogen screening assay, yeast androgen screening assay,  
HeLa-9903, OECD 455
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The ACuteTox project aims at developing a simple and robust 
testing strategy for prediction of human acute oral toxicity, 
which could replace the animal acute oral toxicity tests used 
nowadays for regulatory purposes. In the first phase of the 
ACuteTox project, 57 chemical compounds were tested in vari-
ous in vitro test systems, resulting in more than 50 endpoints for 
evaluation. The main focus of the statistical evaluation was the 
identification of a subset of assays that are promising to classify 
chemical compounds into the different acute oral toxicity cate-
gories (GHS and EU). In the second phase of the project, differ-

ent classifiers obtained from the first phase are challenged with 
data from a validation set of 32 compounds evaluated blindly in 
the subset of selected assays.

Statistical analysis of the concentration-response data was 
performed using log-logistic models and a characteristic value 
such as the eC50 was derived for each experiment. If the experi-
ment showed no clear concentration-response relationship, or if 
the eC50 estimate exceeded the concentration range tested in the 
experiment, the estimate was reported as right-censored value. 
Often more than one concentration-response experiment was 
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Hydrophobic and volatile chemicals have proven to be difficult 
to dose in cell assays. The aim of this study was to develop 
a partition-controlled dosing system to maintain constant con-
centrations of polycyclic aromatic hydrocarbons (PAHs) and 
chlorobenzenes in an ethoxyresorufin-O-deethylase (EROD) 
assay and a cytotoxicity assay with the rainbow trout cell lines 
RTL-W1 and RTgill-W1. Polydimethylsiloxane (PDMS) sheets 
were loaded with test chemicals in a spiked methanol/water so-
lution and placed in the wells, filled with culture medium, of 
a 24-well culture plate. Cells were grown on inserts and were 
subsequently added to the wells with the PDMS sheets. The 
system reached equilibrium within 24 h, even for the very hy-

drophobic PAHs. The reservoir of test chemical in PDMS was 
large enough to compensate for medium concentration losses 
of >95%. The PDMS sheets maintained medium concentrations 
constant for >72 h. Median effect concentrations (EC50) were 
significantly lower in the partition-controlled dosing systems 
than in conventional assays spiked using dimethyl sulfoxide 
(DMSO) as a carrier solvent, thus indicating a better sensitivity 
of the bioassay when controlled and constant exposure condi-
tions could be assured. the eC50s of the test chemicals based 
on freely dissolved concentrations could also be estimated in 
the partition-controlled dosing systems using measured PDMS-
bare culture medium partition coefficients.

Keywords: fish, acute toxicity, free concentration, dosing

carried out for an endpoint × compound combination. In this sit-
uation, a meaningful summary EC50 value had to be computed 
from all values estimated separately in individual experiments. 
The classification task for ACuteTox involves a mixture of un-
censored and censored observations in the predictor variables 
of the classification models and, therefore, classical statistical 
methods for classification, such as CART (see Breiman et al., 
1984) or Random Forests (see Breiman, 2001), could not be ap-
plied directly to the ACuteTox data. Appropriate modifications 
of these methods will be presented.

From the first phase data, 36 endpoints were chosen to be in-
cluded in the second phase of the project. The rationale for end-
point choice was quality of the data reported and performance in 
univariate and multivariate CART analyses. The selected classifi-
ers and the results of the challenging exercise will be presented.

One of the issues to be discussed is that the selected clas-
sification algorithm will have to be communicated to non-
statisticians and regulators. Results indicate that the error rates 

obtained from Random Forests are more convincing than those 
obtained from CART. However, Random Forests cannot be 
translated into a simple integrated testing strategy and a user-
friendly software solution would have to be implemented for 
its application. This is in contrast to CART, which can be easily 
translated into a decision tree and which can be applied by bi-
ologists without use of additional computational support given 
that dose-response analysis is completed.

The authors would like to acknowledge all the partners of  
the ACuteTox consortium who contributed to the generation of 
the results.
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Only the freely dissolved concentration of a chemical is gen-
erally considered to exert a response in organisms. Thus, if in 
vitro assays are to be used to quantitatively predict the toxicity 
of chemicals in vivo, it is necessary to determine the free con-
centration in vitro such that chemical losses through binding to 
serum protein, sorption to plastic and evaporation can be better 
understood and accounted for. The aim of this study was to de-
termine what assay components and physicochemical properties 
influence the free concentration of phenanthrene in a Balb/c 3T3 
and RTgill-W1 MTT assay. 

Solid phase microextraction (SPME) was used to measure the 
partition coefficients of PAHs to serum constituents, well plate plas-
tic, cells and headspace. These partition coefficients were correlat-
ed with the chemical’s Henry’s law constant (H) and octanol-water 
partition coefficient (KOW). these physicochemical properties, in 
turn, were used to model the free concentration of the chemical in 
vitro. The estimated free concentrations were compared to the free 
concentration measured in the assay using SPME. 

Results indicate that the free concentrations of PAHs are sig-
nificantly reduced in a typical in vitro set-up and that altering 
the in vitro set-up alters the measured effect concentration.

Keywords: free concentration, cytotoxicity
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Development of nanomaterials with new functionalities is in-
creasing and facilitates a wide range of innovative applications. 
Along with the design of nanomaterials, the safety of these ma-
terials must be addressed, applying a valid and pragmatic test-
ing strategy. Nanomaterials come in a wide variety of shapes and 
chemical origin; therefore conventional toxicity testing may be 
less appropriate. In order to improve testing efficiency with a 
minimal need for animal testing, our research focuses on relevant 
in vitro screening assays to evaluate hazard characteristics of en-
gineered nanomaterials. As the functionality of nanomaterials is 
often based on their surface area, we compared effects of both na-
no- and micro-sized materials. In this study various silica (SiO2) 
and cerium oxide (CeO2) materials with different physical prop-
erties were studied with regard to their characteristics and evalu-
ated in four different in vitro assays with respect to cytotoxicity 
(MTT conversion and LDH leakage), inflammatory response (cy-
tokine release), oxidative stress (Heme-oxygenase-1 induction) 

and genotoxicity (Comet assay). The particles were characterised 
regarding surface chemistry, surface energy and particle size and 
shape. In vitro screening provided guidance for further testing 
and aided product development. A genomics approach was used, 
enabling assessment of mechanisms of toxicity and identification 
of cellular pathways affected by particles. In addition, methods to 
study the toxicity of several nanomaterials in lung models using 
relevant exposure routes (via air) were developed.

From the physico-chemical characterisation of the particles and 
the evaluation in the four in vitro assays, different mechanisms 
of (geno)toxicity were observed for the materials. The nano-sized 
materials behaved differently in the in vitro screening assays 
compared to their micro-sized compounds. Next to size, chemi-
cal properties appeared to play an important role in the observed 
in vitro (geno)toxicity. CeO2 appeared less toxic than SiO2, but 
induced DNA damage, particularly in nano-sized form. 
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the DZF is a Swiss-based foundation that has dedicated its ac-
tivities and support to the development and promotion of alter-
natives to animal experimentation in biomedical research and 
education according to the well-known 3R principle (replace-
ment, reduction and refinement) in the field of biomedicine. The 
foundation has undergone four eras of existence and develop-
ment. In the last era, which started in 2004, the foundation’s 
course was strongly streamed into the direction of promotion of 
replacement and reduction alone. the last era of the foundation 
can also be called an era of chairs on alternatives to animal ex-
perimentation. Realising the importance and the role of academ-
ic chairs on alternatives to animal experimentation the founda-
tion has, up to now, focused on establishing endowed chairs at 
several universities. The first chair named “Doerenkamp-Chair 
for In Vitro toxicology” was installed in 2003 at the University 
of erlangen (Germany) by the foundress, H. Doerenkamp, per-
sonally. This chair was installed for a period of five years and 
is now in a prolongation phase of two more years. It has been 
mainly focused on refinement and reduction by imaging tech-
niques in biomedical research. In 2006, a “Doerenkamp-Zbind-
en Chair of in-vitro toxicology and Biomedicine” was installed 

at the University of Konstanz (Germany). the exceptionally 
good start of these chairs motivated the foundress to encourage 
the decision to place the emphasis of the foundation's work on 
the establishment of further university chairs. Since then the fol-
lowing chairs have been established:

In October 2008 at Utrecht University (the Netherlands) the 
“Doerenkamp-Zbinden Professorship for Alternative Methods in 
Toxicology” was installed. The chair will be financed for six years. 
In January 2009, in co-operation with the egon-Naef Foundation 
the DZF established the "Doerenkamp-Naef-Zbinden Professor-
ship on Alternative Methods to Animal Experimentation" at the 
University of Geneva (Switzerland). The chair will be financed 
for six years. Also in January 2009 the “Doerenkamp-Zbinden 
endowed Chair for evidence-based toxicology” was established 
at Johns Hopkins University, Baltimore, USA. this chair has 
been permanently installed for as long as the Johns Hopkins Uni-
versity exists. In July 2009 a contract for five years was signed 
with the the Bharathidsan University, tiruchirappalli/tamil Nadu 
in India to found a “Mahatma Gandhi-Doerenkamp Center for 
alternatives to the use of animals in life science education” with 
a Gandhi-Gruber-Doerenkamp chair.
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In the Netherlands, every year approximately 600,000 animals 
are used in biomedical experiments and in the testing of a range 
of products like medicines and consumer goods. they are strict-
ly regulated under the Animal experimental Act of 1977, which 
changed in 1996. 

Since 1977 much has improved: the number of animals has 
sunken from 1.5 million to the current number, a thorough ethi-
cal review is compulsory and awareness of the 3Rs is growing. 
From the animal protection point of view though, much more 

change is needed. One of our main focal points of attention is 
the necessary and desirable openness about animal experiments 
and the vital importance of the development of 3R methods. 

But openness is not an easy subject. Because animal ex-
periments are executed behind closed doors, out of sight and 
without the presence of inquisitive eyes, the general public 
gets little information on why they are being done and which 
alternatives are available to reduce the number of animals 
used. the subject is complex and sensitive and not easily ex-



AbstrActs Linz 2010

Altex 27, Suppl. 2/10 77

Poster 

Improved cellular analysis by impedance-based  
real-time cell monitoring to detect compound-induced 
hepatic cytotoxicity
Stefan Kustermann 0, Markus Schmitz 1, Franziska Boess 0, Alexander Seiler 1, Manfred Watzele 1, 
Laura Suter-Dick 0 and Adrian Roth 0

0F. Hoffmann-la Roche ltd (Basel) (CH); 1Roche Diagnostics GmbH (Penzberg) (DE)

Contact: stefan.kustermann@roche.com

One of the major reasons for withdrawal of pharmacological 
compounds from drug development is the occurrence of ad-
verse effects such as organ toxicities. Cell-based assays are a 
key tool for the assessment of compound-induced toxicities 
at an early stage of drug development, before animal test-
ing. Prediction of hepatic toxicity – the most frequent organ 
toxicity – using in vitro assays has been a major challenge so 
far. to date, cellular assays used are endpoint assays where 
the drug-effect is measured at a single defined time point. 
thus, choosing the right time point for the in vitro assay is  
critical and some effects may remain undetected because 
they develop either before or after the endpoint measurement 
is performed. 

A tool which enables measuring cellular behaviour over 
the entire length of the experiment therefore bears the poten-
tial of generating in vitro data of higher quality. Such a tool 
is provided by the xCelligence Real-time Cell Analyzer 
(RtCA) System. this system is based on measuring electric 
impedance generated by adherent cells, which interact with a 
microelectrode biosensor at the bottom of the well of a cell-
culture plate. The readout, termed “cell index” (CI), measures 

increase or decrease in cell number as well as morphological 
alterations caused for example by drug-treatment. thus, the 
technique allows label- and hands-free dynamic monitoring 
of cellular events, such as proliferation, cell death, adhesion 
and spreading in a 96-well format over an extended period 
of time. 

In the presented work, compound-induced toxicity to he-
patic cells was continuously monitored by the xCelligence 
System. Data showed comprehensive compound- and concen-
tration-dependent impedance profiles, which could be used to 
quantify toxicity by a time-resolved IC50 (half maximal inhibi-
tory concentration of a substance). 

the information obtained from impedance readouts over the 
entire length of the experiment allowed timed decisions for the 
administration of compounds as well as down-stream analy-
sis, such as biochemical assays or gene expression analysis. 
In many cases, CI proved to be a highly sensitive indicator for 
drug-induced toxicity at low concentrations and at earlier time 
points as compared to established standard measurements, 
such as glutathione depletion, ATP content or release of lactate 
dehydrogenase.

plained in a few words or even images. the lack of commu-
nication to the public has had negative effects. In the last few 
years the Netherlands has been the target of extremely ag-
gressive persons attacking facilities and people, demanding 
an immediate stop to animal experiments. We argue though 
that openness is essential and a dialogue between all stake-
holders and involving the general public can possibly avoid 
these attacks. this will in turn prevent animal experiments 
from disappearing behind closed doors again. to increase 
openness and awareness of the public we have developed 
several tools. 

First, although every permit holder has signed a “Code of 
openness”, it is unclear how this should be put into practice. 
to support them in this, we developed a special card that can 
be folded like a credit card and easily stored in a wallet. On one 
page patients, family and friends can read about animal experi-
ments and the search for alternatives while they are waiting for 

treatment at the outpatient departments of the 9 academic hospi-
tals with extensive animal laboratory facilities.

Second, to bridge the gap between researchers and the public 
we set up a prize, the “Guts-in-the-Lab”-prize, which is award-
ed to one of four or five nominees every year around “World 
lab Animal Day”, the 24th of April. Instead of us deciding who 
will be the winner, the general public can vote for a nominee on 
a special website. Researchers are required to explain their work 
in simple, ordinary words that an average interested person can 
understand and relate to, e.g. not to talk about “cardiovascular 
research” but about “heart and blood vessel diseases”. 

A third activity is publishing a brochure for the general public 
on the yearly registration of animal experiments by the Dutch 
government. Since 1977 researchers and permit holders are re-
quired to submit extensive information on the animal experi-
ments they perform each year. these are published in an annual 
report called “Zo doende”, freely translated as “That’s why”.
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Chemical induced skin sensitization is characterised by the rec-
ognition and incorporation of low molecular weight chemicals by 
resident immature dendritic cells (DC). DC migrate from the epi-
dermis to the draining lymph nodes to stimulate the proliferation of 
antigen-specific T cells. The underlying molecular events leading to 
DC evoking this specific immune response are not yet understood. 

transcriptomic analyses revealed a set of genes that are differ-
entially expressed in CD34-DC after exposure to skin sensitizers. 
Starting from the differential expression of 13 genes, a preliminary 
classification model (VITOSENS®) has been developed to identify 
chemicals as (non)sensitizing (Hooyberghs et al., 2008). 

the goal of this study was to further elucidate the role of a selec-
tion of these biomarkers in the response of DC to sensitizing chem-
icals. We tested the hypothesis that selected genes correspond with 
functional proteins in DC after exposure to sensitizing compounds. 
Flow cytometric analysis revealed differential protein expression 
of the markers CCR2 and COx2 in CD34-DC exposed to three 
sensitizers versus three non sensitizers. 

Next, the functional relevance of CCR2 and COx2 in DC acti-
vation was investigated by pharmacologically counteracting these 

molecules in CD34-DC exposed to a model sensitizer. evaluation 
of surface DC activation markers showed that CD86 was signifi-
cantly down-regulated due to COx2 inhibition, whereas expres-
sion of HLA-DR was significantly reduced when an agonist of 
CCR2 was applied to sensitizer-exposed CD34-DC. 

the observations in this research reveal that a selection of the 
novel biomarker genes for skin sensitization are differentially 
translated after sensitizing versus non-sensitizing exposure and 
furthermore they appear to be functionally relevant in sensitizer-
induced DC activation. therefore, this research contributes to a 
deeper understanding of the role of these novel biomarkers in the 
skin sensitization process and increases acceptance of the in vitro 
assay in which they function. 

Parts of these results have been published in Toxicology Letters 
(2010): doi:10.1016/j.toxlet.2010.04.003
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Taken together, the xCELLigence technology may signifi-
cantly improve the quality of toxicological in vitro tests as it 
appeared to be more sensitive compared to standard endpoints. 
Because the impedance measurement is non-invasive, the 

xCelligence system does prevent the use of any additional 
readout. Impedance measurements therefore could improve 
the quality of in vitro assays widely used in preclinical devel-
opment.

Keywords: in vitro toxicology, impedance, primary hepatocytes, real time cell analysis
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the engineering of nanomaterials offers extraordinary oppor-
tunities in various technological fields. Nano-structures can 
change the properties of materials and also alter their biological 

effects. Hence their toxicity can differ from that of larger-scale 
materials; but as of today, no new quality of a general nano-spe-
cific toxic effect has been observed. Therefore the established 
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testing methods are capable of detecting potential effects of na-
nomaterials. 

It is, however, rather difficult to apply the nanomaterials 
(landsiedel et al., 2010) to in vitro test systems, since it is the 
nature of these materials to change their surface properties and 
agglomeration state in different environments. Additionally, the 
kinetics of nanomaterials in the body may have a critical in-
fluence. This presents two complications in applying in vitro 
models to nanomaterials (both for the nature and the dose of the 
nanomaterial). 

While the methods for topical effects may be used for nano-
materials without further modifications, the in vitro methods for 
genotoxicity testing require the dispersion of the nanomaterial in 
the culture medium. The use of efficient, reproducible and well-
documented dispersion protocols is de rigueur. For most materi-
als, proteins (e.g. albumin or serum) were found to be efficient as 
stabilising agents. As important as the dispersion is the charac-
terisation of the particle size distribution; different methods gave 
results that varied over two orders of magnitude; fractionation 
methods are generally considered most appropriate for polydis-
perse suspensions (Schulze et al., 2008). Reviews of published 
genotoxicity studies on nanomaterials led to the conclusion that 
there is no nano-genotoxicity per se and that consequently indi-
vidual nanomaterials have to be tested (landsiedel et al., 2009). 

Moreover, it is necessary to learn about the mechanism and 
the relevance of the results obtained in vitro by correlation to in 
vivo studies. Modern toxicology is based on insight into the toxic 
pathways. For nanomaterials a testing strategy should include 
testing for their primary effects (which might be only a handful: 
particle effects, catalysing the formation of reactive molecules 
and ion release) and their uptake, distribution and clearance. the 
use of in vitro dermal penetration studies for the risk assessment 
of sunscreen nanomaterials has been demonstrated. In vitro meth-
ods for specific primary effects are currently awaiting validation 

(for both chemicals/molecules as well as nanomaterials). 
In the meantime alternative short-term in vivo studies with 

optimised biological readouts can deliver information on the 
toxic pathways as well as the biokinetics and dose-response re-
lation of nanomaterials in the body. A short-term inhalation test 
for nanomaterials has already been used successfully (Ma-Hock 
et al., 2008). 

A testing strategy based on those methods engages fewer ani-
mals and provides more significant data than classical testing. 
Moreover, data from these methods will serve as a benchmark 
and a validation for the in vitro models under evaluation. In due 
course it shall be possible to link the toxicity of nanomaterials to 
their physico-chemical properties. Alternative methods will be 
crucial in defining groups of nanomaterials with similar biologi-
cal effects as well as assigning new materials to these groups.
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In vitro functional cell models are becoming increasingly im-
portant since animal experiments do not always provide data 
that is relevant for humans. Moreover, they are expensive and 
inhumane. In this spirit, the eU has banned all repeated dose 
animal experimentation by 2013, which raises a profound need 
for efficient alternative methods. 

We developed a novel human small intestinal functional cell 
model that could be applied to various studies in the human gut. 

the model consists of the non-carcinogenic small intestinal epi-
thelial cell line H4cl.1 growing on a microporous membrane, 
co-cultured with the monocyte/macrophage cell line tlt. When 
the epithelial cell line grows on the membrane, cells polarise 
and form a tightly packed monolayer with measurable transepi-
thelial resistance and potential, similar to the in vivo situation. 

this experimental set-up was applied to evaluate the bioavail-
ability and toxicity of some common toxic compounds, which 
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can be found in food (heavy metals and polycyclic aromatic 
hydrocarbons). Additionally, we estimated the transport of the 
model food intoxicants through the epithelial layer of H4 cells. 
Intoxicants were applied to the apical side of the membrane and 
after incubation concentrations were measured in the apical and 
basolateral compartment as well as intracellularly. Results were 

compared with the Caco-2 cell line, which is usually applied in 
such studies. Our results proved that our human intestinal model 
H4/tlt is more relevant for toxicological and bioavailability 
studies than the carcinogenic colon cell model of Caco-2 and 
can be, upon validation, proposed as a standardised method for 
gut toxicology. 
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In the context of integrated testing strategies (ItS) for ReACH, 
in silico methods are used to assess the hazard risk of chemical 
compounds according to their mode of action. While quantitative 
toxicity predictions are feasible for narcotics, a correspondingly 
general approach is still missing for excess-toxic compounds. 
For the latter, however, structural alerts have been developed to 
discriminate them from narcosis-level toxicants (Von der Ohe, 
2005). the aim of this study is to characterise the excess toxicity 
of reactive and specifically acting compounds in the bioassay 
with the ciliates Tetrahymena pyriformis and to trace back the 
observed toxicities to underlying mechanisms.

A compound is called “excess toxic” if its experimental EC50 
is (significantly) smaller than the baseline-narcosis EC50 value 
predicted from its hydrophobicity, which in turn is quantified 
in terms of Kow (octanol/water partition coefficient). The ratio 
between narcosis-level and observed toxicity is called toxicity 
enhancement (te). With log te = log eC50 (narcosis-level) – log 
eC50 (exp.), large positive log te values indicate correspond-
ingly large excess toxicities. Reactive toxicity typically results 
from formation of covalent bonds with nucleophilic compounds 
such as proteins and DNA. the toxicity of redox active organic 
compounds appears to involve the mode of action as redox cy-
cler, forming superoxide anion, which leads to the generation 
of hydrogen peroxide and hydroxyl radicals. Ongoing studies 
indicate that these different mechanisms of action are associated 
with different te values and thus can be discriminated when em-
ploying the Tetrahymena pyriformis assay.

In the present investigation, the toxicity of quinone deriva-
tives and nitropyridine compounds was determined by measur-
ing concentration-effect curves in terms of 24 h 50% growth 
inhibition concentration values (log eC50, effective concen-
tration 50%). Growth inhibition was quantified through cell 
counting. Calculated log Kow values were used for predicting 
baseline-narcosis eC50 values, and comparison of the latter with 
the experimentally observed eC50 values resulted in te values 
quantifying the toxicity enhancement as compared to the nar-
cosis level. 

the observed log te values suggest that for most of the qui-
none and nitropyridine derivatives, toxicity is driven by redox 
cycling, and that for some compounds electrophilic reactivity is 
also involved. the discussion includes comparison with te data 
associated with further reactive compound classes. 

the study is supported by the eU project OSIRIS (contract No.: 
037017) and kindly supported by Helmholtz Impulse and Net-
working Fund through Helmholtz Interdisciplinary Graduate 
School for environmental Research (HIGRADe).
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Sight is one of our most important senses. Our eyes are very 
sensitive, and stinging sensations induced by normal use of a 
shampoo may occur. A screening method for ocular discomfort 
would be very helpful in the development and refinement of 
formulations. In the past, the Slug Mucosal Irritation (SMI) test 
demonstrated a relation between an increase in mucus produc-
tion (MP) in slugs and an elevated incidence of stinging, itch-
ing and burning (SIB) in human eyes. the aim of this study is 
to compare subjective ocular discomfort caused by shampoos 
evaluated in volunteers with results obtained with the SMI-test. 

The stinging potency of one artificial tear and ten shampoos 
(5% and 10% dilution) was evaluated with the SMI-test by plac-
ing three slugs per treatment group three times on 100 µl of the 
test item. After each 15 min contact period, MP was measured. 
Evaluation of the results is based upon the total MP (expressed 
as % body weight) during three repeated contact periods. ex-
periments were repeated three times.

A Human eye Irritation test was set up with the same test 
items (12-period cross-over study with 24 volunteers, study ap-
proved by an independent Commission for Medical Ethics, as-
sociated with University Hospital Ghent, Belgium). ten µl of 
a 5% or 10% shampoo dilution in water or the artificial tear is 
dripped into one eye while 10 µl of water is administered to the 
other eye. the evaluation of the tested substances is done both 

by the participant (no to severe stinging: score 0 to 5) and the 
ophthalmologist at several time points (30 sec to 30 min). 

At this moment, half of the study is finished, while the other 
part will be completed by the end of June 2010. Preliminary da-
ta analyses reveal some interesting results. Scores of shampoos 
are clearly higher than the artificial tear and water. Among the 
different shampoos, shampoo C is best tolerated by the majority 
of the volunteers (n=14), while shampoo F is ranked as causing 
most discomfort by 8, and as second most by 5 participants. 
the results for shampoo A, D, and e are more variable; they are 
ranked dissimilarly by the volunteers. In general, the artificial 
tear was best tolerated, 14 of the 24 participants never felt dis-
comfort. ten others reported only very slight stinging sensations 
after administration, but the feeling disappeared immediately. 

The ranking according to the SMI-test was: artificial tear 
(total MP <1.5%) << shampoo B ≈ C ≈ D (total MP: 5.3% to 
8.9%) < shampoo F (total MP: 8.2% to 12.1%). Shampoo A also 
resulted in more variation in the SMI assay (total MP varied 
between 1.6% and 6.4%).

With the obtained results we are able to improve the newly 
developed protocol and examine the predictability of the SMI-
test with reference to non- and mildly irritating formulations in 
humans. Although it is too soon to draw final conclusions, re-
sults of the clinical trial already indicate that the SIB-procedure 
is a good tool to predict clinical ocular discomfort.

Keywords: ocular clinical discomfort, shampoos, clinical trial, Slug Mucosal Irritation assay
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Some chemicals, medicines and cosmetics cause stinging, itch-
ing, and/or burning (SIB) sensations. these discomforts often 
remain undetected until the clinical phase, since neither animal 
tests nor in vitro models have been able to detect these sensa-

tions. Slugs however, react on these stimuli. Consequently, a 
new variant of the Slug Mucosal Irritation (SMI) assay was de-
veloped, focusing specifically on the prediction of short-term 
SIB potential of test items. 
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evaluation and screening of novel drugs and formulations target-
ed for the treatment of inflammatory bowel diseases (IBD) so far 
have been conducted in rodent IBD models. Most of these mod-
els, such as the DSS and tNBS colitis model, induce an acute 
inflammatory reaction in the animal’s GIT. The animals suffer 
from hematochezia, body weight loss, shortening of the intestine, 
mucosal ulcers and high mortality. The scientific value of these 
models is questionable, as the acute injury induced in this model 
poorly represents the chronic inflammatory condition observed in 
humans. To replace this scientifically and ethically questionable 
in vivo approach an in vitro model representing the pathophysi-
ological changes in IBD is needed for medium to high throughput 
screening of anti-inflammatory drugs and formulations.

An in vitro co-culture model of inflamed intestinal mucosa was 
developed and established in our laboratory, consisting of Caco-2 
intestinal epithelial cells and human blood-derived macrophages 
and dendritic cells (Leonard, 2010). An inflammatory reaction 
is triggered by the addition of the pro-inflammatory cytokine 
interleukin-1β. The model responds to the stimulation with an 
increased release of pro-inflammatory marker interleukin-8 and 
a rearrangement of tight junctional proteins accompanied by a 

reduction of barrier function and an increased mucus production. 
In this inflamed setup various budesonide formulations (free 
budesonide solution, 220 nm sized budesonide loaded PLGA na-
noparticles, or 190 nm sized budesonide loaded liposomes) were 
applied to the model and Il-8 release of the cells was measured 
for inflammation monitoring. Transepithelial electrical resistance 
(teeR) was monitored to observe recovery in epithelial barrier 
function. Furthermore, particle deposition was observed using 
confocal laser scanning microscopy.

Free budesonide solution and PLGA budesonide nanoparti-
cles were effective in vitro in treating the inflammation, as a 
decrease in Il-8 protein release as well as an increase in teeR 
value were observed within the first 24 h of treatment. Lipo-
somal budesonide seemed to impair the barrier function, as we 
found an immediate decrease of teeR value and higher amount 
of IL-8 release compared to the non-treated inflamed control. 
the model was also able to differentiate between different lev-
els of effectiveness in treating the inflammation: while IL-8 re-
lease increased again 48 h after treatment in cells incubated with 
free budesonide solution, the PLGA budesonide nanoparticles 
maintained their effect both with regard to Il-8 release as well 

the effect of tonicity (osmolality 280 to 2900 mOsm;  
NaCl 0.9-10%,), pH (1.7 to 7.4; lactic acid 0.1-10%), warm-
ing agents (capsaicin 0.001%-1%) and cooling agents (menthol 
0.01-5%) was evaluated by placing three slugs per treatment 
group three times on 100 µl (liquids) or 100 mg (semi-solids) 
of the test item. After each 15 min contact period (CP), mucus 
production (MP) was measured (expressed as % body weight) 
and the slugs were transferred to a fresh Petri dish for a one 
hour rest period. evaluation of the results is based upon the to-
tal mucus produced during three repeated CPs. Compounds are 
predicted into four classes of SIB potency: total MP < 3% (no 
SIB), 3% to 8% (slight), 8% to 15% (moderate) and total MP  
> 15% (severe). Additionally, the nasal tolerance of two isotonic 
(0.9%) and two hypertonic saline solutions (2.2% and 2.3%) 
was evaluated in 20 volunteers (study approved by an independ-
ent Commission for Medical Ethics, associated with the Univer-
sity Hospital Ghent, Belgium). 

In the SMI-test the total MP increased with tonicity: isotonic 
solutions induced a total MP < 1%, while exposure to hyper-
tonic solutions resulted in an increased MP (≈ 4% for 650 and 
725 mOsm). In the clinical trial, the majority of the participants 
reported no to a very mild effect when administering the isot-

onic solutions. Any sensations disappeared within 15 min. For 
the hypertonic solutions, the majority reported very mild to mild 
effects. In a few cases even moderate discomfort was observed. 

Concerning neurosensory discomfort, a clear concentra-
tion-response (CR) effect was observed for lactic acid: 0.5% 
caused an increased MP (> 3%); 10% resulted in very high MP  
(> 40%). the latter result may be explained by the combined ef-
fect of increased osmolality (1400 mOsm), a pH of 1.7 and the 
effect of the compound itself. Menthol also resulted in a CR-ef-
fect: a concentration of 0.01% already induced mild discomfort 
(total MP > 3%), but the effect was less pronounced compared 
to lactic acid. Results for capsaicin were not straightforward. 
A slight increase of MP was observed in all tested concentra-
tions in comparison with the negative control, but MP did not 
increase proportionally with the concentration.

The new one day protocol of the SMI assay appeared to be 
a good tool in predicting clinical discomfort caused by nasal 
sprays with different tonicity: the higher the osmolality, the 
stronger the observed reaction in both humans and slugs. Inves-
tigating the ability to predict neurosensory discomfort, results 
for lactic acid and menthol agreed with literature, but capsaicin 
showed some anomalies. 

Keywords: stinging-itching-burning, neurosensory discomfort, tonicity, pH, slug mucosal irritation assay
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In the “alternatives” field, in vitro cell culture technology is 
promoted as the major contender for the refinement, reduction 
and replacement of animal use for human safety assessment of 
chemicals and pharmaceuticals. Indeed, cell culture technolo-
gies have many advantages, such as potential for high through-
put, ease of use and also their relative cheapness. In addition, 
the fact that they are ideally suited to “omic” approaches has 
led to their use in many large eU projects as the basis to de-
velop more predictive toxicity models. However, an issue that 
has not been extensively addressed is the specificity of these 
cell systems to target organ toxicity. to this end, we investigated 
the effect of long term repeat dose exposures of four nephro-
toxins, three hepatotoxins and one CNS toxin to human renal 
proximal tubular cells (RPTEC/TERT1), human hepatoma cells 
(HepaRG), mouse embryonic fibroblasts (BALB - 3T3) and hu-
man renal interstitial fibroblasts (TK173).

HepaRG and RPTEC/TERT1 cells were time-differentiated 
for two weeks before treatment. All cell lines were treated daily 
for 14 days with five concentrations of the nephrotoxins cad-
mium chloride (CdCl2), cyclosporine A (CsA), cephaloridine 
and cidofovir, the hepatotoxins troglitazone, diclofenac and 
amiodarone and the CNS toxin buflomedil. At days 1, 3, 7 and 
14, lactate and lDH levels were measured in the supernatant 

medium. At day 14, cells were assayed for resazurin reduction 
capability and subsequently lysed in methanol. ATP level was 
measured in the methanol lysates.

In both HepaRG and RPTEC/TERT1 cells, a consistent find-
ing was that lactate production increased prior to toxicity, dem-
onstrating that these cell types can increase glycolysis in stress 
situations. Surprisingly however, RPTEC/TERT1 cells were the 
least sensitive to the chosen nephrotoxins and HepaRG cells 
were the least sensitive to the hepatotoxins. In general, the fi-
broblast cell lines were the most sensitive to the panel of toxins. 
there were also differences in 3t3 and tK173 cells responsive-
ness, for example CdCl2 was very toxic to 3t3 cells but not at 
all to tK173 cells.

The results demonstrate that fibroblasts are more sensitive to 
nephrotoxins and hepatotoxins than renal epithelial cells and 
liver cells. This is a somewhat surprising finding and the inter-
pretation is not trivial. Fibroblasts may be more sensitive simply 
due to their undifferentiated nature and proliferative status. they 
may be unable to adequately increase stress related proteins, to 
extrude the compound via p-glycoprotein or to metabolise the 
compounds. Further work will be required to interpret this data 
more completely. 

Keywords: Caco-2, inflammatory bowel disease, pathophysiological, co-culture, nanoparticle, drug formulation

as TEER, confirming previous observations of prolonged avail-
ability of drug encapsulated in nanoparticulate formulations 
(lamprecht, 2001). Nanoparticle formulations were applied to 
different compartments of the in vitro model. liposomes were 
applied in the basolateral side of the system, co-localised with 
macrophages and dendritic cells. PLGA nanoparticles mostly 
accumulated intercellularly between epithelial cells, hinting at 
an intestinal enhanced permeability and retention effect. thus 
the model also provides mechanistic insights.

In conclusion, the in vitro model of the inflamed intestinal mu-
cosa is an adequate tool for the screening of novel IBD drugs 
and formulations, combining the convenience of in vitro studies 
with the complexity of pathophysiological changes of inflamed 
mucosal tissue. PLGA nanoparticles were the most effective for-

mulation, while the liposomal formulation still needs further im-
provement in order to achieve better anti-inflammatory effects. 

This work was supported by the Sixth Framework Programme 
Integrated Project MediTrans, Contract No.026668.
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the metabolic activity of isolated hepatocytes decreases when 
cultured for longer times. the maintenance of hepatocyte-
specific functions is an important challenge in the attempt to 
develop a high-fidelity human liver cell model that could be 
applied as an alternative testing model to the animal for long-

time drug metabolism and hepatotoxicity studies. Heterotypic 
cell-to-cell interactions between hepatocytes and human stellate 
cells (HSC) are thought to be of benefit for the maintenance 
of hepatocyte-specific functions. In vivo, HSC are involved not 
only in liver injury but also in hepatic development, regenera-
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the mucosal tissues of the gastrointestinal tract present an enor-
mous surface area to the exterior environment and therefore 
represent a site of infection or route of access for bacteria that 
cause human disease. Mucin glycoproteins are secreted in large 
quantities and cell surface mucins are a prominent feature of 
the apical glycocalyx of all mucosal epithelia. Cell-surface mu-
cins play an important role in mucosal defence, since they may 
provide both a barrier and a reporting function. Bacteria have 
evolved to overcome this mucin barrier and understanding these 
interactions is vital to understanding and blocking bacterial in-
vasion. the differences in pathogenicity observed between the 
human host and the animal model of disease may well be due 
to existing species-specific differences in the glycosylation pat-
terns of mucins. 

We have shown that several pathogens, including the gastric 
pathogen Helicobacter pylori, interact with mucins and that de-
velopment and severity of disease depend on this interaction. 
therefore, an in vitro cell culture system expressing the human 
mucin layer is a vital step in replacing and reducing animal ex-
perimentation in this field. The cell cultures that are currently 
used rely on transformed cells, which are sometimes of non-hu-
man origin and are suboptimal, because they are very different 
from an in vivo mucosal surface: they are often not polarised, 
lack important components of the glycocalyx and lack the mu-
cus layer. We are developing gastrointestinal artificial mucosal 
surfaces optimal for studying host-pathogen interactions that are 

relevant for studying human disease at the mucosal interphase. 
the cell lines Caco-2, lS513, lS174tl, lS174tl8, Ht29, 
T84, MKN1, MKN7, MKN28, AGS, NUG-4 and MKN45 were 
cultivated under a range of conditions and subjected to chemi-
cal as well as mechanical stimuli. Ussing chamber methodology 
was used to determine trans-epithelial resistance, membrane 
current and mucus secretion in response to stimuli. the samples 
were fixed using a special method to retain the mucus layer and 
stained (using immunohistochemistry) for the gastrointestinal 
mucins MUC1, MUC2, MUC3, MUC4, MUC5AC, MUC6, 
MUC13 and MUC17. The cell lines varied significantly with re-
gard to what mucins they express, what compartment of the gas-
trointestinal tract they most resemble and how they grow: some 
form 3-dimensional structures, some grow as a single cell layer, 
some are firmly adherent and polarised whereas others are loose-
ly adherent and disorganised. We aim to develop both mucosal 
surfaces representing “pure” cell types (i.e. enterocytes, goblet 
cells, gastric surface mucus cells, etc.) as well as models repre-
senting mucosa containing mixed cell populations, such as colon 
and small intestine. We have promising results with regard to the 
cell compartment of the in vitro model of the mucosal surface 
where we have developed culture methods allowing some of the 
cell lines to differentiate into polarised cultures with growth pat-
terns resembling those of gastric and intestinal mucosa. How-
ever, further work is needed for the development of the mucus 
layer mimicking the firm and loose mucus layer present in vivo.
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Primary human hepatocytes are widely used as a reliable model 
for pre-clinical drug metabolism and toxicity testing. Fetal calf 
serum (FCS), commonly used to support hepatocyte mainte-
nance in vitro, makes standardisation of culture models diffi-
cult, since it contains a large number of undefined factors. In 
addition, FCS affects analytical methods, such as proteomics 
and metabolomics, and could influence the bioavailability of 
lipophilic substances. therefore it would be desirable to omit 
FCS in culture media for in vitro hepatocyte cultures. 

Based on a four-compartment membrane capillary bioreactor 
technology for clinical bioartificial liver support, we developed 
a new miniaturised bioreactor prototype that allows 3D per-

fusion culture of liver cells in a down-scaled design for reduced 
cell numbers.

In this study we investigated i) the potential influence of se-
rum addition on the adsorption of model substances with differ-
ent binding properties to membrane surfaces within the cell-free 
bioreactor system and ii) the quality of primary human hepa-
tocytes cultured in the bioreactor with or without FCS (2.5 %) 
supplementation over a culture time of 2 weeks. A culture me-
dium specifically conceived for high-density perfusion culture 
of primary liver cells (Heparmed, Biochrom, Germany) was 
used. the quality and metabolic performance in hepatocyte cul-
tures was determined by means of cytochrome P450 activities 

tion and xenobiotic responses. One prospect is that cell-to-cell 
contacts with HSC are essential for hepatic progenitor cell am-
plification and differentiation, because HSC have several im-
portant functions, such as vitamin A metabolism, extracellular 
matrix reorganisation, production of various growth factors and 
cytokines. to explore the role of HSC on the hepatocyte-typic 
functions of proliferative and pre-differentiated HepaRG cells, 
we co-cultivated with the immortalised cell line (lx-2), which 
represents partially activated HSC (xu et al., 2005). 

Proliferating or differentiated (treated with 1% DMSO for  
14 days) HepaRG cells (first human hepatoma cell line able to 
differentiate in vitro into hepatocyte-like cells) were co-culti-
vated with human lx-2 for 1, 7 or 14 days. Cell proliferation 
(MTT assay) and cell cytotoxicity (LDH assay) were deter-
mined. CYP-P450 expression was analysed by qRT-PCR. Al-
bumin secretion as metabolic functionality was measured using 
elISA assay. 

Both HepaRG-LX-2 co-culture models led to a significant cy-
totoxicity against HepaRG monoculture after 14 days co-culti-
vation time but not after 1 or 7 days. the results of lDH release 
were in accordance with the morphological appearance that was 

observed using light microscopy analysis. the co-cultivation of 
proliferating or differentiated HepaRG cells with lx-2 did not 
improve CYP1A2 and 3A4 mRNA expression versus HepaRG 
monoculture over time. the albumin secretion in the differenti-
ated HepaRG with lx-2 increased and stayed at the same level 
over time. 

Under the described conditions co-cultivation of differenti-
ated HepaRG cells with lx-2 could ameliorate some liver met-
abolic functions compared to the proliferating HepaRG-lx-2 
co-culture, but not in comparison to the differentiated HepaRG 
cells in monoculture. Furthermore, both co-cultivation models 
did not maintain cell functionality over 14 days. therefore, fur-
ther optimisation of culture conditions is necessary to get a reli-
able HepaRG and lx-2 cell co-culture model for the long-term 
study of liver function in drug metabolism and hepatotoxicity. 
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Assuring consumer safety without the generation of new animal 
data is currently a considerable challenge. Skin allergy (sensiti-
sation) is an important consumer safety endpoint for home and 
personal care products and an endpoint where in vivo assay data 
such as the mouse local lymph node assay are often needed to 
inform risk assessments. A conceptual framework for skin sen-
sitisation risk assessment is currently under evaluation that does 
not require the generation of new animal data (Fentem et al., 
2008; Maxwell et al., 2008).

the biology of skin sensitisation is complex but the majority 
of the key initiating events are understood: ingress of the in-
gredient into the epidermis, potential activation of the chemical 
by metabolism, covalent modification of proteins and cytokine-
mediated activation of langerhans’ cells, which subsequently 
migrate to the lymph node and initiate a specific T-cell response. 
It is expected that information on more than one of these proc-
esses will be required in order to characterise hazard for risk 
assessment (Jowsey et al., 2006).

A number of non-animal approaches are currently under in-
vestigation that have the potential to provide information on the 
key process as described above, specifically: assessing epider-

mal bioavailability of an ingredient with ex vivo human skin; 
determining the reactivity profile of an ingredient; in vitro mod-
els to study the activation of Langerhans’ cells and the inflam-
matory response from keratinocytes following ingredient expo-
sure and approaches to assess the potential for skin metabolism 
of an ingredient.

the predictive capability of these non-animal approaches is 
under investigation and our recent work in this area is presented 
here. Various empirical modelling approaches have been ap-
plied, compared and contrasted to data both in isolation and in 
combination in order to predict the hazard potential and potency 
of ingredients. Particular emphasis has been on probabilistic ap-
proaches applied to various in vitro and in silico data for hazard 
characterisation. Our progress in evaluating the predictive ca-
pacity of these approaches and the underlying data for use in 
consumer safety risk assessment is presented.
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(CYP1A2, CYP2B6, CYP2C9, CYP3A4/5 and CYP2D6) and 
further metabolic parameters. 

Studies on drug adsorption performed with diclofenac, used 
as an example of low-binding drugs, showed the expected con-
centration in the medium circuit in the presence of FCS, while 
in the FCS-free group a slight loss of the drug was observed. 
In contrast, verapamil and amiodarone revealed high binding 
rates (up to 97% and >99%, respectively) with no obvious dif-
ferences due to FCS supplementation. Hepatocytes maintained 
in the bioreactor system with or without addition of serum 
showed comparable metabolic performance of most parameters 
(albumin, urea, transaminase release) in both groups. CYP1A2 
and CYP2D6 activities were also similar in both groups, while 

a tendency towards higher activity of CYP2B6, CYP2C9 and 
CYP3A4 was observed in the absence of FCS during the as-
sayed culture period.

the results from drug binding studies show that FCS can 
influence the bioavailability of xenobiotics, indicating that an 
exact determination of the free concentration of substances is 
essential prior to drug testing studies. Furthermore, the findings 
from CYP activity studies in primary human hepatocyte biore-
actors suggest that the use of serum is dispensable in bioreac-
tor cultures maintained with a medium adapted for high-density 
perfusion culture. thus, the miniaturised bioreactor represents 
an innovative tool for performance of drug metabolism studies 
under serum-free conditions. 

Keywords: bioreactor technology, cytochrome P450, fetal calf serum, metabolic performance
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Carbon dioxide (CO2) is commonly used for euthanasia in labo-
ratory rodents, but its use is discussed controversially from the 
animal welfare point of view. existing recommendations and 
previous studies cannot provide clear information on the use of 
CO2 and its impact on welfare. Alternative agents have not been 
well characterised yet. 

It is our aim to assess the degree of stress caused by exposure 
to these anaesthetic gases in an objective and multilayered way 
in order to provide basic information for the development of 
euthanasia recommendations in laboratory rodents.

In male and female NMRI mice we compared the effects 
of common euthanasia methods using different filling rates  
of 100% CO2, i.e. 20% (CO2 20), 60% (CO2 60), and 100% 
(CO2 100) of chamber volume/min and an overdose of the 
volatile anaesthetics isoflurane 5% (Iso 5%) and sevoflurane 
8% (Sevo 8%). Control animals were exposed to airflow with 
20% of chamber volume/min. We investigated multiple types of 
biological responses to stress due to euthanasia by anaesthetic 
gases only during induction of anaesthesia until the point of loss 
of consciousness, hereby focusing on the period of conscious 
perception of stress and pain. 
During the induction of anaesthesia, we recorded:
– behaviour, 
– vocalisations in the audible and ultrasound range,
– course and changes of breathing motions.
After loss of righting and pedal reflexes and after 3 min of air 

exposure respectively, mice were decapitated and the following 
procedures conducted:
– gross examination of ocular and respiratory mucous mem-

branes and of organs of the respiratory tract,
– measurement of blood glucose, plasma epinephrine and nore-

pinephrine,
– histopathological examination of trachea and lung tissue.
Preliminary data revealed that during the induction of narcosis no 
vocalisations in the audible or in the ultrasound range could be 
detected. The loss of pedal reflexes tended to be reached within 
the shortest period after exposure to CO2 100 < CO2 60 < Iso 5%  
< Sevo 8%. CO2 20 did not reliably induce unconsciousness within 
5 min of exposure, so this group was excluded from further analy-
sis. In the remaining anaesthesia groups, blood glucose levels were 
slightly increased in comparison to the control animals. 

the present data suggests that CO2 60 and CO2 100 induce 
narcosis in a much shorter time period than isoflurane and 
sevoflurane. However, the remaining data need to be analysed 
to substantiate this assumption.

the elaboration of this project has been supported by a Dahlem 
Research School scholarship and by the Innovationsfonds 2009 
of the Freie Universität Berlin. the project has been submit-
ted for support by ZeBet (Zentralstelle zur Erfassung und Be- 
wertung von Ersatz- und Ergänzungsmethoden zum Tierver-
such) in Berlin.

Keywords: carbon dioxide, euthanasia, isoflurane, mice, sevoflurane

Lecture in Session AXLR8 '21st Century Toxicology' Info Forum

The EU FP6 project “VITROCELLOMICS”
Carl-Frederik Mandenius
linköping University (linköping) (Se)

see late abstracts



AbstrActs Linz 2010

Altex 27, Suppl. 2/1088

Poster 

How to use available alternative methods to predict 
skin sensitization: lessons from a benchmark exercise 
on preservatives
Silvia Martinozzi Teissier, Cécile Piroird, Stéphanie Ringeissen, Joan Eilstein,  
Daniel Duché, Jean-Marc Ovigne and Jean-Roch Meunier
l’Oréal (Aulnay sous Bois) (FR)

Contact: steissier@rd.loreal.com

Allergic disease resulting from industrial or environmental exposure 
to sensitizers is the most common manifestation of immunotoxicity 
in humans. Allergen risk assessment of chemicals so far relies on 
animal assays. In the context of the 7th Amendment to the Cosmetic 
Directive and the ReACH-legislation on chemicals, the cosmetic 
industry is concerned by the challenge of finding non-animal ap-
proaches to assess the sensitizing potential of chemicals. 

Among the in vitro methods so far available for pre-validation 
studies, we developed the Myeloid U937 Skin Sensitization Test 
(MUSST) based on the induction of CD86 on U937 cells. Years 
of in-house experience with this assay led us to identify its lim-
its and to develop further methods (apoptosis assay) and further 
models (including 3D-models) to overcome these limits. During 
the past two years, we enlarged our set of cell-based assays by 
incorporating the well-described direct peptide reactivity assay 

(DPRA). Currently, we are addressing the question of the integra-
tion of in vitro data that we are now able to produce, together with 
in silico data, in order to predict skin sensitization potency of cos-
metic ingredients. While the generation and the detailed analysis 
of complete data on a large set of raw materials is ongoing, we 
present here the analysis of the results obtained on a benchmark 
of 25 preservatives. 

this study allowed us, in a very pragmatic approach, to gain 
insight into the feasibility, but also the actual limitations of using 
in vitro methods for the screening and/or the evaluation of new 
chemicals for skin sensitization potential.
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Since the ReACH regulation came into force in June 2007, the 
risks posed by all chemicals have to be evaluated. With respect 
to the 3R strategy and the large number of chemicals which 
have to be tested, new methods and rapid and widely applica-
ble screening tests are required. The AquaSpec™ MIR (mid in-
frared) technology is a simple, fast and cost-effective solution 
for investigating the effects of chemicals on cells. Our toxic-
ity assay scans the toxin-induced changes in cell metabolism 
by detecting specific spectral patterns in the culture media and 
cell lysates. Furthermore, details of the effects of chemicals on 
cells, i.e. influences on metabolism and the break down of the 
applied chemicals can be tracked down. Due to its sensitivity 
to all chemical bonds and functional groups in molecules, the 
AquaSpec™ technique is suitable to create a biochemical snap-

shot of all events that reflect the status of what is going on in the 
cell. Moreover, the concentration of compounds, their kinetics 
and even the decay of substrates can be quantified. That way, it 
can be visualised whether a substance is taken up and metabo-
lised by the cells and if so, to which products it is converted. For 
example, the metabolism of glucose and the release of CO2 are 
followed in order to get information about the cellular respira-
tion capacity. 

In an experiment, liver cells were treated with agents of known 
toxic characteristics, such as toxic to cell metabolism, genoto-
xic and mutagenic. For control, harmless reference chemicals 
were applied. Samples of culture media were taken and char-
acterised by multivariate data analysis. Abnormal reactions, for 
example stress reactions which are triggered by the toxic agents, 
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were classified in a cluster model. Within less than 6 hours, sub-
stances could be classified as toxic and non-toxic. Additionally 
differentiation into toxic subclasses was possible after less than  
12 hours of cell cultivation. 

In current studies a screening-assay of toxic compounds based 
on the experimental model eukaryote yeast is investigated. Yeast 
cell culture testing offers the possibility of more robustness and 
easier handling as compared to human cell culture testing. First 
experiments are designed to verify whether the results obtained 
on human cells are reproduced on yeast cells. 

In summary the AquaSpec™ technology is characterised by 

a high accuracy of measurement and reproducibility. Compared 
to alternative techniques, which are based on cell culture test-
ing, the native state of the cell cultures can be investigated with 
almost no artificial sample preparation. In the future the tech-
nology can most likely be an important implement in the evalu-
ation of chemicals on living cells due to its wide applicability, 
its speed and its cost-efficiency. That way, a classification of 
the impact of the substances on cells into toxic, genotoxic, mu-
tagenic, eco-toxic or even teratogenic seems to be possible. In 
conclusion, our toxicity-assay is characterised by speed, easy 
handling, and the generation of reliable results.

Keywords: IR-spectroscopy, screening, cell culture testing, toxicity assay
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An integral part of hazard and safety assessments for consumer 
and occupational health is the estimation of a chemical’s potential 
to cause sensitization. Both the llNA (OeCD 429) and guinea pig 
based tests (OeCD 406) are accepted test methods. As a 3R method, 
the llNA has become the preferred method for sensitization test-
ing under ReACH. Comparative test data resulting from llNAs and 
GPMTs reveal that there is a disproportionately large number of dis-
cordant results when testing certain substance classes, e.g. surfactants 
and fatty acids (Kreilingeret al., 2008; Mehling et al., 2008). In these 
cases, the results from llNAs generally indicate a sensitization po-
tential that warrants classification whereas the GPMT results do not. 
In this context it should be noted that the surfactant sodium lauryl 
sulphate is considered to be the classic “false positive” in the LLNA 
(Basketter et al., 2009). To decide whether the GPMT or the LLNA 
result correctly predicts the sensitization potential in these cases, it 
has been proposed to use a weight-of-evidence approach (Basketter 
et al., 2009). In order to gain more insight into the responses induced 
by exemplary surfactants, a battery of in vivo and in vitro tests was 
therefore conducted using exactly the same batch of chemicals. these 
included LLNAs (with B220 cell counting), GPMTs, and various in 
vitro tests including LC-MS based peptide reactivity assays and anti-
oxidant response element (ARe)-assays (KeratinoSens, emter et al., 
2010). Results from these tests indicate that the llNA may be over-
estimating the sensitization potential of these test substances: All the 

surfactants were negative in the GPMTs and KeratinoSens assay and 
did not form covalent adducts with test peptides, thus confirming the 
GPMT result. As results obtained from LLNAs are increasingly be-
ing used as the gold standard for the development of new non-animal 
alternative test methods, results such as these highlight the necessity 
to carefully evaluate test results and the applicability domains of dif-
ferent tests methods. It is also important to stress that an accurate 
database is needed to develop and validate satisfactory non-animal 
alternatives for sensitization testing.
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today validated alternatives for acute skin irritation, skin cor-
rosivity, photo-toxicity and dermal absorption are available 
and implemented for REACH registrations and to define the 
toxicological profile of ingredients. Based on specific proto-
cols, several epidermal 3D models are the biological systems 
of validated alternatives for skin corrosion (OeCD 431), skin 
irritation (draft OeCD, 2009) and human corneal epithelium 
(HCe). the latter is currently in the pre-validation process for 
acute eye irritation testing. Because of their unique advantages 
(multilayered structure, barrier function allowing application 
of doses relevant for in vivo applications, living and metaboli-
cally active tissue) they are suitable systems to assess finished 
product safety for internal risk assessment and as a screening 
tool during product development. Cosmetic industry has in-
vested in the application of established in vitro parameters and 
protocols for ingredients in order to assure a more accurate, 
sensitive and predictive safety assessment of finished products 
in order to comply with the incoming european cosmetic regu-
lation asking for deeper and robust testing of finished prod-
ucts. On the basis of the modified Multiple Endpoints Analysis 
(MeA) the aim of this work was to assess in vitro skin and 
mucosal tolerance on a series of prototypes and commercially 
available cosmetic formulations. Many of them had been pre-

viously classified by the results of the in vivo patch test on 
humans or by clinical testing.

the Skinethic reconstructed human epidermis (RHe) and hu-
man vaginal epithelium (RHV) models were used as biological 
systems. 31 cosmetic products (13 leave-on creams, 13 rinse-
off formulations and 5 intimate hygiene products) were tested 
compared to positive and negative controls for skin and mucosal 
tolerance using the following testing parameters: cellular via-
bility by Mtt test method, histomorphological evaluation by  
H&e, transepithelial electrical resistance measurement (teeR), 
IL-1α release by ELISA and a transcriptomics approach based 
on quantitative mRNA quantification of two early bio-markers, 
i.e. occludin and TNFα, by Taqman technology (qRT-PCR). 

The following exposure times based on product type specific 
protocols after acute exposure were used: 1 h followed by wash-
ing and 16 h recovery for rinse-off (for skin and mucosa) and  
24 h and/or 24 h + 24 h recovery for leave-on (for skin).

All parameters tested were shown to be relevant for the as-
sessment of the irritation potential: a deeper analysis of this 
complementary information allows better discrimination be-
tween products and the definition of specific prediction models. 
Finally a good correlation between in vitro and in vivo results 
was found.

Keywords: skin irritation potential, MEA, transcriptomic approach
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the skin is continuously challenged by environmental antigens 
(xenobiotics, allergens, chemicals) that may evoke protective or 
detrimental immune responses. Haptens penetrate the skin and 
become sensitizing entities by binding to epidermal proteins. 
these hapten-carrier complexes are immunogenic and can elicit 
the development of allergic contact dermatitis (ACD), one of 

the most frequent allergic skin diseases. Dendritic cells (DC), 
as key players in the initial process of skin sensitization, have 
been considered in the development of in vitro alternatives for 
detection of contact allergens.

In order to assess the sensitization potential of different chem-
ical sensitizers, a KC-DC surrogate co-culture (NCTC-2544 hu-
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man keratinocytes and THP-1 cell line) has been used as a rel-
evant model to study the cross-talk between keratinocytes and 
dendritic cell after contact with the sensitizer, allowing objec-
tive and reproducible quantification of complementary testing 
parameters. This loose-fit co-culture develops into an allergen-
sensitive system consisting of keratinocytes (KC) and of mobile 
DC-related cells. 

Recently, several studies demonstrated that human myeloid 
cell lines, such as THP-1, are good surrogates for DC, and this 
alternative method was validated in Japan. the property of the 
monocytic cell line THP-1 (h-CLAT) to discriminate between 
skin sensitizers and non-sensitizers is currently under evalu-
ation by Colipa and undergoing the prevalidation/validation 
process at eCVAM. 

The THP-1 cell line was used to find the sub-cytotoxic con-
centration of products to be evaluated for skin sensitization 

potential. Mtt assay was performed after short and long term 
exposure. Changes in THP-1 transcriptional activity follow-
ing direct contact at the defined concentration were evaluated. 
CD86, CD54, CCR7 were chosen as skin sensitization biomark-
ers, β-actin was used as endogenous control to normalise mR-
NA levels.

the nuances of sensitization potential can be strong, moderate, 
weak, or non-sensitizing. the following positive control chemi-
cals were used for each category: chloro-dinitrobenzene, hydro-
quinone, ethylendiamine, hexylcinnamaldehyde and lactic acid. 

The results reported in this study show that this loose-fit co-
culture model was able to discriminate between skin sensitizers 
and non-sensitizers. the new approach, studying the transcrip-
tional modification of the DC cell line co-cultured with the KC 
cell line following contact with a chemical, provides a comple-
mentary alternative method to existing assays.

Poster 

A leading case for the (dis-)approval of applications 
for animal experiments
Claudia Mertens and Barbara Schnüriger
Zürcher tierschutz (Zürich) (CH)

Contact: cmertens@zuerchertierschutz.ch

On the 7th of October 2009, after three years of litigation, the 
Federal Supreme Court of Switzerland put an end to the legal 
dispute regarding two animal experiments on primates. the 
“Zurich monkey experiments”, which had been approved by the 
canton’s veterinary office despite a contrary recommendation by 
the advisory committee on animal experimentation, leading to 
appeals by the commission, may definitively not be performed. 
even though this judgement does not generally preclude experi-
ments on non-human primates, it is a milestone success in the 
struggle against animal experiments. It certainly will influence 
the future approval practice. 

The Supreme Court judgement clarifies four points that are of 
a general nature for animal protection and so have implications 
over and above the two cases in question: 1) Some animal ex-
periments are apparently approved wrongly. 2) In the approval 
process the suffering caused and the violation of the animals’ 
dignity is, to some degree, not given sufficient weight. 3) In 
turn, the expected research results and their use for humans are, 
to some degree, given too much weight. 4) the weighing of 
interests therefore produces an unfair result in which the suffer-
ing of the animals in comparison to the expected gain of useful 
knowledge appears defensible when in fact it is not. 

Among other points, the justification of the judgement high-
lights the importance of the advisory committee, which is of 
great value for its legitimisation. The justification explains 
that the law demands that animal experiments be limited to an 
“indispensable measure” and that it is one of the committee’s 
tasks to interpret such vague legal terms. A deviation from their 
recommendation therefore would only be acceptable with very 
good justification. 

the judges laid great importance on the weighing of interests. 
they emphasised that the gain of rudimentary knowledge about 
human physiology cannot justify severe suffering of experimen-
tal animals. In both cases in question the Federal Supreme Court 
considered the burden for the animals to be disproportionate. 
this makes the judgement a leading case.

the judges also stressed the value of the animals’ dignity, 
which was given a high status in the Swiss Animal Protection 
law in 2005. Dignity carries special weight in the case of non-
human primates on account of their strong genetic and sensory 
similarity with humans. the expected gain of knowledge would 
thus have to be far higher than in the “Zurich monkey experi-
ments” to justify the animals’ distress and the violation of their 
dignity associated with the proposed experiments. 
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this time a number of primates were lucky to be saved 
by the Federal Supreme Court’s judgement. Hopefully this 
judgement will have further consequences: The right of the 
advisory committee to appeal against approvals that have al-
ready been issued is currently only applicable in the canton 
of Zurich. It has proven to be an additional and important in-
strument to prevent illegal animal experiments. this right of 
appeal must therefore be awarded to all advisory committees 

in Switzerland and should also be demanded for committees 
abroad.

Judgements and justifications of the Supreme Court (only in 
German) http://www.bger.ch/index/juridiction/jurisdiction-in-
herit-template/jurisdiction-recht/jurisdiction-recht-urteile2000.
htm (click on “Staats- und Verwaltungsrecht” and put “Primat-
en” as keyword for the search).

Keywords: primates, ban, Supreme Court
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Nimesulide is a common NSAID, widely used despite some re-
ported secondary effects that include hepatotoxicity and interfer-
ence with mitochondrial physiology. It acts by inhibiting COx, 
but its proneness to induce alterations in biophysical properties 
of membranes has been proposed as an additional effect contrib-
uting to its anti-inflammatory action. Therefore, in this study we 
carried out experiments in order to detect nimesulide binding to 
membranes and its effects on the biophysical properties of dif-
ferent membrane model systems by using differential scanning 
calorimetry and fluorescent probes. 

Nimesulide promotes a decrease in membrane order, but it 
does not seem to promote lateral phase separation in a less sta-
ble binary lipid system consisting of DPPE and TOCL (7:3). 
The consequences of increased fluidity on membrane permea-
bility were studied by performing calcein release studies, either 
in a simple monomeric model (DPPC) or in a ternary one that 
mimics the mitochondrial membrane (1 DOPC: 1 DOPE: 1 TO-
Cl). these studies revealed a moderate permeabilising effect 
of nimesulide. 31P NMR studies were also performed with the 

same trimeric model, pointing out that nimesulide is a stabiliser 
of lamellar arrangements, increasing the lamellar/HII transition 
temperature. 

Nimesulide quenching of the fluorescent probes DPH and 
DPH-PA was used to investigate the compound distribution 
across the bilayer thickness in both the single and the ternary 
lipid system, in the latter case at both 25 and 70ºC. 

Finally, these same fluorescent probes were used to monitor 
membrane dynamics in the different lipid systems by means of 
anisotropy studies, determining if lipid composition and mem-
brane structure may affect the activity of nimesulide in such li-
pid environments. 

the present study reinforces that nimesulide is a membrane-
active compound capable of interfering with membrane bio-
physical properties and dynamics, and therefore with physi-
ological processes that are membrane-mediated/modulated, as 
may be the case of the activity of inflammatory enzymes. The 
relevance of these findings is also discussed in terms of the re-
ported nimesulide interference with mitochondrial physiology. 

Keywords: nimesulide, membrane model system
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three-dimensional cell cultivation represents an important step 
towards the in vivo situation. Hollow-fibre bioreactors, which 
support the formation of tissue-like structures, are promising 
tools in this approach. the cultivation of primary human hepa-
tocytes and its improvement has been a major field of research 
over the last decades, resulting in alternative cell cultivation 
systems that exhibit good cytochrome P450 activity profiles. 
This is a prerequisite for good hepatotoxicity prediction. 

In this study, which is part of the BMBF-HepaTox project, 
we present a 3D-hollow fibre bioreactor system for the cultiva-
tion of human hepatic cells. the bioreactor was designed for 
analytical purposes, leading to the possibility of in-depth char-
acterisation of the system. Using primary human hepatocytes, 
we analysed both general parameters, such as membrane in-
tegrity, oxygen uptake and substrate consumption, as well as 

liver-specific functions, like drug-metabolising capacities and 
production of albumin. 

Our results demonstrate that long-term maintenance of pri-
mary human hepatocytes within the 3D-bioreactor system is 
possible. Oxygen uptake, substrate consumption and albumin 
production were stable for over 14 days of incubation. Cyto-
chrome P450 activity was first assessed on cultivation day 5 and 
could still be detected even after 18 days of cultivation. 

this study represents an overall description of the 3D-biore-
actor system including newly developed modifications. Mainte-
nance of cytochrome P450 activity in vitro for longer periods is 
the bottleneck in their use for chronic toxicity testing. 3D cul-
tivation of primary human hepatocytes in the system presented 
here is promising, not only for drug screening and acute toxicity 
studies but also for chronic hepatotoxicity studies.

Poster 

Cultivation of primary human hepatocytes in a 3D 
membrane bioreactor as an alternative to 2D culture 
systems for improved hepatotoxicity testing
Daniel Mueller 0, Georg Tascher 0, Ursula Mueller-Vieira 1, Daniel Knobeloch 2,  
Andreas K. Nuessler 3, Marc Luebberstedt 4, Kathrin Zeilinger 4, Elmar Heinzle 0 and Fozia Noor 0

0Biochemical Engineering, Saarland University (Saarbruecken) (DE); 1Pharmacelsus GmbH (Saarbruecken) (DE); 2Department 
of General, Visceral and Transplantation Surgery, Charité Campus Virchow Clinic (Berlin) (DE); 3Dept. of traumatology, tU 
Munich, MRI (Munich) (De); 4Charité Bioreactor Group, Campus Virchow Clinic (Berlin) (DE)

Contact: daniel.mueller@mx.uni-saarland.de

long-term, chronic cellular changes and idiosyncratic drug 
effects are difficult to detect using common endpoint toxicity 
assays. Nowadays, sensitive and non-invasive methods using 
human relevant cell systems are an intense focus of research. 
Metabolomic approaches are more sensitive using analytical 
methods such as gas-chromatography coupled to mass spec-

trometry. Multivariate statistics could lead to an optimised over-
all interpretation of the chromatographic data. 

In this study, as a part of the BMBF-HepaTox project, we 
tested therapeutic concentrations of well-known reference drugs 
on 2D-cultures of primary human hepatocytes, which are still 
the “gold standard” concerning human hepatotoxicity studies. 

Keywords: 3D-bioreactor cultivation, primary human hepatocytes, chronic toxicity studies



AbstrActs Linz 2010

Altex 27, Suppl. 2/109494

Poster 

The cytotoxic effects of fumonisin B1 and  
ochratoxin A on human and pig lymphocytes using 
methyl thiazol tetrazolium (MTT) assay
Mulunda Mwanza 0, Melinda Kovacs 1, Veronika Rajli 1 and Michael Francis Dutton 0

0University of Johannesburg (Johannesburg) (ZA); 1Kaposvar University (Kaposvar) (HU)

Contact: kovacs.melinda@ke.hu

In this study the effect of two mycotoxins, fumonisin B1 (FB1) 
and ochratoxin A (OtA), both singly and in combination, on 
isolated human and pig lymphocytes was investigated in the 
methyl thiazol tetrazolium (Mtt) cytotoxicity test. Although a 
previous study on cells had shown the potential synergistic ef-
fects of this combination (Creppy et al. 2004), it was anticipated 
that comparable effects on pig lymphocytes would provide a 
more accessible source of cells for cytotoxicity testing.

lymphocytes were isolated from venous blood of a healthy 
human donor and weaned pigs of Hungaro-Seghers genotype. 
the Mtt assay was performed using phytohaematoglutinin 
(PHA) as a cell stimulant. Various concentrations (10, 20 µg/
ml) of FB1, OTA and both mycotoxins combined were added. 
Cytotoxicity was determined after 48, 72 and 96 h incubation. 
the optical density (OD) was read and cell proliferation was 
determined as percentage viability of the control: % viability = 
(ODM/ODC) x 100 (M = mycotoxin-treated cells; C = control 
cells).

the results showed a progressive decrease in lymphocyte vi-
ability with time of exposure. Cell viability decreased on aver-
age by 3.5 and 11.3% after treatment with FB1 at 5 and 20 µg/
ml, respectively; and 10.8 and 14.0% for OTA at 5 and 20 µg/
ml, respectively, after 24 h of cell exposure to the mycotoxins. 
With further incubation, the viability decreased further. After  
96 h viability had decreased by 16.3 and 23.5% for FB1 at  
5 and 20 µg/ml, respectively, and 21.2 and 39.3% for OTA at  
5 and 20 µg/ml, respectively. Pig lymphocytes showed a de-

crease in cell viability by 8.8 and 13.0%, respectively, for FB1 
and 8.8 and 16.7% for OTA at 5 and 20 µg/ml, respectively, 
after 24 h of cell exposure. After 96 h of exposure to FB1, the 
viability of pig lymphocytes decreased by 20.3% and 29.1% and 
for OTA by 22.2 and 41.5% at 5 and 20 µg/ml, respectively. 

the cell viability decrease was 53.4 after 24 h and 70.0% 
after 96 h of cell exposure to both FB1 and OTA (5 µg/ml of 
each mycotoxin) on pig lymphocytes, and 56.4 after 24 h and 
76.3% after 96 h exposure to 20 μg/ml of each mycotoxin. Hu-
man lymphocytes showed a lesser but significant decrease of 
cell viability by 47.7 (24 h) to 33.5% (96 h) at 5 µg/ml exposure, 
and 53.8 to 69.6% at 20 µg/ml (after 24 and 96 h, respectively) 
as compared to results obtained with pig cells. 

In summary, FB1 as compared to OTA had a lower cytotoxici-
ty on both human and pig lymphocytes. A synergistic decrease of 
cell viability in both human and pig lymphocytes was observed, 
with pig lymphocytes showing a greater sensitivity to both my-
cotoxins. the Mtt assay can be used for the determination of 
cytotoxicity of mycotoxins using animal, and in particular pig, 
lymphocytes, which avoids the use of human donors. 
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Supernatant samples were analysed using gas chromatography 
time-of-flight mass spectrometry (GC-TOFMS) combined with 
principal component analysis (PCA). 

Over 100 peaks were found per sample in the chromatogram 
and identified using standard reference libraries. Biologically 
relevant metabolites were normalised to internal standard, auto-
scaled and applied to PCA. Changes in the metabolome of pri-
mary human hepatocytes in response to exposure to therapeutic 
concentrations of the drugs were detected using this approach. 

Cell viability remained unaffected compared to the untreated 
control during the experiments.

this is a novel method to assess drug-induced changes in cel-
lular metabolism at therapeutic concentrations. It can be adapted 
to any other alternative testing system based on in vitro models, 
such as human cell lines, stem cells or stem cell derived cells 
instead of animals, and to other cell cultivation setups, such as 
3D cell cultures.

Keywords: GC-TOFMS, principal component analysis, metabolomics, hepatotoxicity
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Skin sensitization is caused by protein-reactive chemicals (Gerb-
erick et al., 2008), which modify endogenous proteins in the skin, 
thus rendering them immunogenic. Skin sensitizers then activate 
the immune system, leading to the proliferation of t-cell clones spe-
cific to these modified proteins. This process thus involves a chemi-
cal and a biological step. the biological part involves activation of 
early innate signals and later on the specific proliferation of T-cell 
clones. Progress has been made to model the early innate signals 
with an in vitro assay. The Nrf2-pathway is a toxicity pathway gen-
erally activated by skin sensitizers (Natsch, 2010).

It is widely accepted, that certain complex toxicological end-
points such as skin sensitization may only be predicted with an 
integrated testing strategy based on a battery of in vitro assays. 
Here we thus present our approach of combining a biological and 
a chemical assay: (i) the KeratinoSens assay is a new, highly 
standardised assay that measures Nrf2-dependent gene activation 
and cytotoxicity of chemicals in parallel in a high throughput for-
mat. For each chemical full dose-response curves are measured. 
We show that sensitizer-induced gene activity is not directly relat-
ed to cytotoxicity, as gene induction by skin sensitizers occurs at 
subtoxic concentrations. (ii) In parallel, an lC-MS based peptide 
reactivity measurement monitors peptide depletion and peptide-
adduct formation to characterise the potential for covalent protein 
binding (Natsch and Gfeller, 2008). We summarise results in both 
assays on a list of 67 reference chemicals. By combining posi-

tive evidence from both assays an overall accuracy of 89.6% is 
achieved. In addition, we present data on the use of this approach 
for specific applicability domains: We show that (a) terpenes act-
ing as pre-haptens (i.e. chemicals becoming skin sensitizers upon 
air oxidation) can reliably be identified with an oxidation step 
prior to the assay and that (b) photosensitizers absorbing in the 
UVA-range activate the reporter gene if an irradiation step is in-
cluded in the assay. 

Finally, this approach has already been integrated into our chemi-
cal discovery process for an early prediction of the sensitization risk 
without the use of animals, and we present case studies from this 
industrial application of a novel approach in in vitro toxicology.

References
Gerberick, F., Aleksic, M., Basketter, D. et al. (2008). Chemi-

cal reactivity measurement and the predictive identification of 
skin sensitisers. ATLA 36, 215-242.

Natsch, A. (2010). The Nrf2-Keap1-ARE toxicity pathway as a 
cellular sensor for skin sensitizers – functional relevance and 
a hypothesis on innate reactions to skin sensitizers. Toxicol. 
Sci. 113, 284-292.

Natsch, A. and Gfeller, H. (2008). LC-MS-based characteriza-
tion of the peptide reactivity of chemicals to improve the in 
vitro prediction of the skin sensitization potential. Toxicol. 
Sci. 106, 464-478.

Keywords: skin sensitization, reporter gene, high-throughput assay, Nrf2, antioxidant response element, peptide reactivity

Poster 

The proliferation of fibroblasts in human serum as  
alternative for fetal calf serum
Cristiana Nicoli de Mattos 0, Cesar Issac 0, Elisabeth Hosaka 0, André Oliveira Paggiaro 0, Silvana  
Cereijido Altran 0, Rafael Mamuro Carneiro Tutihashi 0, Monica Mathor 1 and Marcus Castro Ferreira 0

0Division of Plastic Surgery, Faculty of Medicine, University of São Paulo, Cell Culture and Wound Healing Research Laboratory (São 
Paulo) (BR); 1Radiation Technology Center (CTR), Nuclear and Energy Research Institute, IPEN – CNEN/SP (São Paulo) (BR)

Contact: cristiana_nm@yahoo.com.br

Cell culture is an important tool in biotechnological research. 
However, cells in culture are still universally supplemented with 
fetal calf serum (FCS), a complex mixture that contains growth 
factors required to maintain cell function and proliferation. This 

form of supplementation is far from ideal, as its quality varies 
from batch to batch, its composition is not completely known, 
and it may contain virus and prion contamination and may also 
cause immunologic complications. Ethical questions concern-
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ing the procurement and economical factors are also of great 
relevance. Owing to these problems, there is a worldwide ef-
fort to find alternatives to the use of xenobiotic elements in cell 
cultures. 

In this study we assayed human serum as a replacement for 
FCS in human fibroblast culture. Human serum was obtained 
from blood of 10 healthy volunteers submitted to serological 
evaluation. Fibroblasts were obtained from samples of healthy 
skin obtained from the tissue bank of the Hospital das Clini-

cas donated for research purposes. Fibroblasts were cultivated 
in multiwell plates with 10% FCS or 10% human serum in 
DMeM. After 24, 48, 72 and 96 h cells were counted in a hemo-
cytometric chamber. Results were expressed as mean ± standard 
deviation to obtain the proliferation cell curve. there was no 
statistical difference between the two proliferation curves. 

Human serum fully supported growth and proliferation of hu-
man fibroblasts, showing its high potential as a substitute for 
FCS in cell culture.
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A wide range of in vitro test systems and methods have been de-
veloped for the assessment of hepatotoxicity. two-dimensional 
(2D) cell cultivation systems (using primary hepatocytes, mi-
crosomes or cell lines) are commonly used, but these do not of-
fer the possibility of long-term studies for chronic toxicity and, 
very importantly, do not represent the in vivo situation.

In this study, we used alginate matrix for three-dimensional 
(3D) cultivation and maintenance of Hep G2 cells. 3D cultures 
of Hep G2 cells were prepared using alginate matrix. Metabolic 
parameters such as glucose consumption and urea production 
were determined. Moreover, the storage of glycogen was as-
sessed and compared to 2D cultures. Finally, dose-response 

Keywords: bacterial reporter assay, stress genes

Adjuvants are compounds that modify the effects of other com-
pounds (mostly active ingredients) without having any direct 
effect themselves. they are added to the active ingredients to 
enhance performance or handling. this large and heterogeneous 
group of chemicals is used in pesticides, detergents, personal 
care and many other products. Despite their widespread use, 
very little toxicological information and no clear legislation ex-
ist at the moment.

In this study we use a bacterial reporter assay to gain insight 
into the toxicity and toxicological mode of action of several 

adjuvants (alcohol ethoxylates, alkyl phenol ethoxylates, alkyl 
amine ethoxylates, organosilicone surfactants, solvents, etc.). 
the Escherichia coli based reporter assay consists of a selec-
tion of genetically modified strains responding to different types 
of stress, like DNA damage, oxidative stress, protein denatura-
tion, membrane damage, osmotic stress, general cellular stress 
and heavy metal presence. the results of this in vitro alternative 
method were compared with classical lC50 values from litera-
ture where available.

Poster  

Toxicity and mode of action evaluation  
of commonly used adjuvants on the basis of bacterial 
gene expression profiles
Ingrid Nobels 0, Pieter Spanoghe 1, Walter Steurbaut 1 and Ronny Blust 0

0University of Antwerp (Antwerp) (BE); 1Ghent University (Ghent) (BE)

Contact: ingrid.nobels@ua.ac.be



AbstrActs Linz 2010

Altex 27, Suppl. 2/10 97

Keywords: 3D cultivation, alginate cultures, HepG2

curves of well-studied reference drugs were assessed and com-
pared to 2D-systems.

long-term cultivation over two weeks was successfully per-
formed, whereby 3D organoid formation was microscopically 
observed. Glucose consumption and urea production were ob-
served over the whole cultivation time. the storage of glyco-
gen was significantly greater in 3D-cultures compared to 2D-
maintained cells. toxicity of well-studied reference drugs was 
assessed and eC50 values were calculated. 

the results show that 3D alginate cultures are not only suited 
for long-term liver cell cultivation but can also be applied in 
preclinical drug screening. the system offers an alternative to 
both conventional in vitro cell systems and animal test mod-
els for long term toxicity assessment. Furthermore, it can be 
adapted to other cell types, such as primary liver cells or stem-
cell derived cells.

the aim of the present work was to assess the ability of a MetaChip/
DataChip technology to predict metabolism-mediated toxicity. 

A set of 67 industrial chemicals was assessed using diverse 
combinations of mammalian organ-specific cells and enzyme 
mixtures. Cytotoxicity measurements were performed for the 
entire set and the analysis of the data generated confirmed the 
capability of the technology to reveal metabolism-mediated tox-
icity and to differentiate phase I from phase II enzyme activities. 
The findings also suggested that the platform could be used to 
detect species and tissue-specificity. 

the second stage of this study focused on selecting the com-
bination of metabolising enzymes that would be suitable for 

predicting rat in vivo acute toxicity. For this purpose, test sub-
stances were categorised as toxic or non-toxic on the basis of an 
arbitrarily defined LD50 threshold of 500 mg/kg. A decision tree 
that considered the responses in human and rat hepatoma cell 
lines was constructed. 

The application of the logic sequence proposed resulted in 
good performances (sensitivity and specificity of 85% and 
78%), indicating that the biochip concept can be used, not to 
predict all possible in vivo toxic effects, but rather to estimate 
the risk of failure in conventional long-term in vivo studies.
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Advanced in vitro methods may help to identify pharmacody-
namic properties of substances and prediction of compound 
toxicity in early phases of development. two major aspects are 
mostly relevant for pharmaceutical studies. The first one is the 
investigation of short-term effects involving e.g. membrane 

transporter mechanisms or receptor signalling. the second one 
deals with long-term effects mediated by toxins and xenobiot-
ics. therefore, the functional analysis of living cells in a physi-
ologically controlled environment, which provides information 
about pharmacological and toxicological as well as metabolic 
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Neuropathy Target Esterase (NTE) was initially identified as 
the primary target of some organophosphorus compounds that 
cause delayed neuropathy. Some in vivo studies suggest that this 
protein may also perform a critical function in embryonic devel-
opment and therefore also in cell differentiation. An interfering 
RNA approach has been used in order to investigate the influence 
of NTE on the proliferation and differentiation of D3 mouse em-
bryonic stem cells. The silencing of NTE reached a maximum 
effect 48 h after the treatment. In this point the expression of the 
gene was reduced to 80% of control. Although their expression 
levels were fully recovered a day later, our studies have shown 
that this inhibition is sufficient to cause important changes in 
the process of differentiation. We have studied the expression 

of several genes after 48 h and 168 h of NTE silencing. Patterns 
of expression of different gene structural markers have been 
altered in samples where NTE was previously silenced. The 
most relevant change was found for the expression of Nestin, a 
neuroendothelial gene marker, which was decreased to 60% of 
control 96 h after silencing (when NTE was totally recovered 
from its silencing). Our results suggest that NTE might play an 
important role in cell differentiation since its silencing alters the 
gene expression of neuroectoderm.

this study was supported by the Ministry of the environment of 
the Government of Spain (Grant A051/2007/3-14.4).
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properties, may serve as an alternative to animal experiments. 
Bionas® analysing systems detect physiological parameters 

of cell lines and primary cells in label-free and non-invasive 
assays. the multi-parametric sensor chip continuously meas-
ures the oxygen consumption and the extracellular acidifica-
tion, which both determine the acute rates of cellular energy 
metabolism. In addition, cell impedance/adhesion measurement 
detects alterations in the cellular adhesion and morphology of 
cells (ehret et al., 1997, 1998). A perfusion system guarantees 
highly defined cell environmental conditions and allows param-
eter recordings in long and short-term studies. 

By generating profiles of bioenergetics (glycolysis and mi-
tochondrial respiration) and cellular impedance, the systems 
monitor the action of substances and their cytotoxic effects, 
including potential regeneration of cells in the area of toxicol-
ogy, oncology and drug discovery, respectively. Thus, specific 
data from the drug/cell interaction can be determined (thedinga 
et al., 2007). these data may either be generated by long-term 

studies over hours to days or via short-term detection of cellular 
responses. In the field of drug development, membrane trans-
porter-mediated mechanism and receptor interaction studies are 
the major focus. 
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Palytoxin (PLTX), produced by Palythoa zoanthid corals and 
Ostreopsis dinoflagellates, is one of the most poisonous com-
pounds known. In the last two years, dermatological problems 
have been associated with cutaneous exposure to PLTX (Deeds 
and Schwartz, 2009; Durando et al., 2007; Hoffmann et al., 
2008; Nordt et al., 2009). Nevertheless, little is known about its 
cutaneous toxicity. Recently, we performed a study on HaCat 
keratinocytes as an in vitro predictive model for evaluating hu-
man skin toxicity (Gibbs, 2009), defining the potential toxicity 
of PLTX on human skin (Pelin et al., 2009). The aim of this 
study was to investigate the mechanisms leading to cell death 
induced by PLTX.

Appearance of cell necrosis was evaluated investigating lactate 
dehydrogenase (lDH) release (tox-7 kit, Sigma-Aldrich) and pro-
pidium iodide (PI) uptake in the cells. Apoptosis was investigated 
by evaluating caspase 3/7 activation (Sensolyte™ Caspase Sam-
pler kit, Anaspec) and DNA staining with 4',6-diamidino-2-phe-
nylindole (DAPI). ROS production was investigated by the NBT 
reduction assay in cells exposed to increasing concentrations of 

PLTX for 1 h. Cell morphology was evaluated by confocal micros-
copy after staining of the plasma membrane with 1,1′-dioctadecyl-
3,3,3′,3′-tetramethylindocarbocyanine perchlorate (Dil).

After 1 h exposure, PLTX induced a concentration-dependent 
increase of superoxide anion production, which was inhibited 
by pretreatment with 10 μM ouabain. A 4 h exposure to PLTX 
caused a concentration-dependent leakage of lDH (eC50 of 
18.5 ±1.1 nM), indicating the loss of plasma membrane in-
tegrity. PLTX-induced cell death was confirmed by PI uptake 
studies that demonstrated the presence of the probe inside the 
nuclei. Conversely, no activation of caspase 3/7 was detected 
and nuclear staining with DAPI did not revealed the presence 
of apoptotic bodies after 4-8 h exposure to 1 and 10 nM PLTX. 
Immunocytochemical analysis revealed dramatic morphologi-
cal modifications with plasma membrane rupture and leakage of 
cytoplasmic material, already evident after 1 h of contact with 
1 nM PLTX.

In a previous study we characterised the cytotoxic effects of 
PLTX on the in vitro skin irritation model HaCat keratinocytes. 
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Proteins are vulnerable to oxidative stress. Reactive oxygen/ni-
trogen species (ROS/RNS) can lead to oxidation of amino acid 
residue side chains, formation of protein-protein cross-linkages 
and oxidation of the protein backbone resulting in protein frag-
mentation ultimately malfunctioned, which may lead to pre-
mature aging and related pathological events. Present work is 
done to evaluate the protective effect of resveratrol, a polyphe-
nolic compound occurs naturally in the grapes and red-wine on 
plasma proteins form the toxic exposure of oxidative stress in 
humans.

Study was carried out on 39 normal healthy subjects of both 
the sexes. In vitro oxidative stress was induced in plasma with 
incubating tert-butylhydroperoxide (t-BHP) (10-5 mol L-1). Ef-

fect of resveratrol was studied on markers of protein oxidation; 
protein carbonyls (PCO), advanced oxidation protein products 
(AOPPs) and total thiols.

Resveratrol provided a strong protection on plasma proteins 
oxidation as evidenced by protecting the depletion of thiols and 
formation of PCO and AOPPs during oxidative stress. Effect of 
resveratrol was dose as well time dependent, a significant effect 
was observed on only 15 min of incubation.

Resveratrol elicits a potent and fast antioxidative property. 
We assume that administration of resveratrol/resveratrol rich 
diet may give protection towards development and progression  
of many degenerative diseases where oxidative stress is  
prominent. 

Keywords: resveratrol, oxidative stress, proteins
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Obesity is considered one of the most important diseases of the 
21st century and is associated with a reduced life expectancy and/
or increased health problems. Recently an association of endo-
crine disrupting chemicals (eDCs) with the development of obes-
ity has been proposed by different independent laboratories. In 
vitro studies using 3T3-L1 mouse fibroblasts, a well established 
model for adipogenesis, have already indicated the potential im-
pact of EDCs such as TBT, bisphenol A, nonylphenol and genis-
tein on adipocyte differentiation. These findings urge the need for 
an evaluation of the accumulation of these compounds in human 
tissues, such as adipose tissue, as well as in depth mechanistic 
research of the effects of eDCs on fat.

this study is part of a larger project which aims to investigate 
the role of eDCs in the pandemic of obesity and the mechanisms 
through which they influence the adipose tissue. Therefore, it 
consists of two complementary parts: one part using human fat 
samples and an in vitro part using the 3t3-l1 cells. In the human 
fat samples EDC concentrations as well as RNA expression of 
important nuclear receptors and adipocytokines will be measured 
and the correlation between them will be studied. However, re-
sults presented today relate to the in vitro part of the project using 
3t3-l1 cells as model for adipogenesis.

In a first step, the influence of EDCs on the differentiation of 
3T3-L1 fibroblasts into mature adipocytes will be investigated. 

We were able to differentiate 3T3-L1 fibroblasts into mature adi-
pocytes by stimulation of two days post confluency cells (day0) 
with MDI medium (medium containing IBMX, dexamethasone 
and insulin) followed by stimulation with insulin-containing 
medium from day 2 until day 8. During terminal differentiation, 
the fibroblasts undergo a series of morphological and biochemi-
cal changes to eventually accumulate lipid droplets. these lipid 
droplets were visualised during differentiation using Oil Red O 
staining. the differentiation grade could be spectrophotometri-
cally quantified by extracting the Oil Red O dye. To study the 
influence of EDCs on the differentiation of adipocytes, 3T3-L1 
cells were exposed to a series of eDCs (mainly lipophilic com-
pounds, e.g. musks, brominated flame retardants and phthalates) 
during eight days and compared to the positive control cells 
(MDI+insulin). 

First results indicate that this Oil Red O staining method allows 
a quick and low cost screening of a broad group of compounds 
and concentrations. the potential obesogenic character of select-
ed compounds was further confirmed by expression analysis of 
important differentiation marker genes, such as adipocyte spe-
cific fatty acid binding protein (aP2) and peroxisome proliferator-
activated receptor gamma 2 (PPAR[gamma]2). 

In a second step of the study, the influence of EDCs on prolif-
eration and fattening of mature adipocytes will be studied. the 

Keywords: Palytoxin, HaCaT keratinocytes, ROS, apoptosis, necrosis

In these cells, 4 h exposure to PLTX reduced cell viability with an 
eC50 value of 0.47 ±0.09 nM (Pelin et al., 2009). In the present 
study, we demonstrate the ability of PLTX to generate a concen-
tration-dependent production of superoxide anions. The PLTX-
induced oxidative stress is possibly a consequence of the ionic 
imbalance caused by the interaction of the toxin with the Na+,K+-
ATPase. Indeed, PLTX-dependent superoxide generation was in-
hibited by ouabain, a pump blocker. Sustained oxidative stress 
may result in either apoptotic or necrotic cell death. therefore, we 
investigated which mechanism was involved in PLTX-induced 
cytotoxicity. We found no evidence of apoptotic event induction. 
Indeed, caspases, effectors of apoptosis, were not activated and 
no apoptotic bodies were detected. Conversely, signs of necrotic 
damage were found, like LDH leakage and PI uptake, indicating 
the occurrence of plasma membrane rupture. These findings were 
confirmed by morphological analysis by confocal microscopy.

These results, showing the ability of PLTX to induce necrosis 
in vitro on the HaCat cell line, are consistent with the dermato-
logical lesion reported in humans after contact with the toxin.
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combination of these two endpoints will give us important in-
formation for the selection of interesting EDCs influencing adi-
pogenesis for further mode of action research using microarray 
techniques. This mechanistic information can in the end lead to 

identification of interesting biomarker genes to test the hypoth-
esis of a mechanistic relation between eDCs accumulation in fat 
tissues and the prevalence of obesity.

Lecture in Session V: Acute and long term toxicity A

Testing of the toxicity of volatile compounds on human 
lung cells using the Air/Liquid Interface (ALI) culturing 
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Testing requirements under the new European chemicals policy 
(ReACH) are expected to trigger a large number of toxicologi-
cal studies. For environmentally and occupationally relevant 
substances which are taken up by inhalation this will prompt 
extensive efforts in terms of toxicological assessments unlike-
ly to be realised through in vivo testing alone. the aim of the 
present study was to perform a multi-laboratory evaluation of 
an Air/Liquid Interface (ALI) culturing and exposure technique 
for testing the cytotoxic and genotoxic effects of inhalable sub-
stances (gases) on human lung cells.

Human lung cells of the alveolar cell line A549 were grown 
on microporous membranes at the air/liquid interface and were 
exposed to test atmospheres consisting of different mixtures of 
synthetic air supplemented with the test gas (i.e. NO2, SO2, for-
maldehyde or ozone). Gas-mediated cytotoxicity and genotox-
icity were assessed via electronic cell counting (CASY technol-
ogy) and the COMet assay, respectively. logistic regression 
and hierarchical modelling were employed to determine the in-
tra- and interlaboratory variabilities in dose-response relation-

ships. A linear-regression prediction model was developed for 
the cytotoxic endpoint.

Analyses of dose-response relationships for the endpoint cell 
number showed a good repeatability within and reproducibility 
between the laboratories for all four gases. Comparison of the 
derived eC50 values with published lC50 values for mice and rats 
revealed a tight quantitative relationship between in vitro cytotox-
icity and in vivo lethality. Further, analyses of the tail-moments 
obtained from the COMet assay demonstrated clear and repro-
ducible dose-response relationships for SO2 and formaldehyde, 
being indicative for dose-dependent DNA strand breaks (SO2) 
and DNA-protein crosslinks (formaldehyde). No such dose-de-
pendent effects could be observed for NO2 and ozone.

the results of the present prevalidation study are promising 
with respect to the reliability and relevance of the proposed in 
vitro method for inhalation toxicity testing. Before entering a 
formal validation stage, extended prevalidation will be neces-
sary to establish a tested training set of compounds sufficiently 
large to allow for optimisation of the prediction model.

Keywords: in vitro test method, inhalation toxicity, cytotoxic and genotoxic effects, human lung cells, A549, chemical testing
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For supporting proliferation, the use of fetal calf serum (FCS) 
as a medium supplement is still the gold standard in cell culture. 
However, the production of FCS is cost intensive and accom-
panied by ethical concerns. Additionally, FCS bears a potential 
risk for carrying diseases. therefore, an alternative culture sup-
plement without animal components would be advantageous. 

Human thrombocytes contain growth factors at high concen-
trations and can be processed to platelet lysate (PL). Since plate-
lets are regularly substituted in trauma and oncologic patients 
with insufficient blood coagulation, they are highly available 
after their 5 days expiry. the proliferative potential of human 
adipose derived stem cells (ASCs) expanded in PL in compari-

son to FCS was evaluated together with the question whether 
they retain their ability to differentiate towards the osteogenic, 
adipogenic and chondrogenic lineage.

Growth factors contained in platelets are also known to stimu-
late and accelerate soft tissue and bone healing. Hence, platelet 
derived products have already been used in surgery for several 
years. Aiming to apply PL in cosmetic surgery as well, a process 
for the production of autologous PL in a closed bag system was 
developed and validated. 

Now, we are aiming to combine these two approaches and 
develop a sterile production process in a closed bag system for 
PL as an FCS substitute as well.
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Effects of natural antioxidants vitamin C, vitamin E, 
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toxic effects of mycotoxins in food are a human health concern. 
Mycotoxins are capable of influencing various cellular proc-
esses including inhibition of cell proliferation, oxidative stress 
and lipid peroxidation (Ferrer, 2009). Mycotoxins may differ-
entially interfere with the antioxidant agents α-tocopherol and 
ascorbic acid, resulting in cytotoxic effects. the two vitamins 
commonly found in our diet are two of the best known efficient 
biological antioxidants (Rietjens, 2002). Moreover, vitamins 
C and e are presently marketed as an antioxidant supplement, 
and are claimed to increase resistance to diseases and oxidative 
stress. Quercetin, one of the most widely distributed flavonoids 
in plants, is a natural antioxidant (Rietjens, 2002). Pterostilbene, 
a naturally occurring dimethyl ether analogue of resveratrol, is 
commonly found in various plants, including grapes, berries and 
peanuts; moreover, it is a constituent of nutraceuticals owing to 

its anti-oxidative activity (Chakraborty, 2010). 
The hypothesis that vitamin C, vitamin E, quercetin and pter-

ostibene can prevent mycotoxin-induced cell death in Chinese 
hamster ovary (CHO-K1) cells was investigated. CHO-K1 cells 
exposed to the beauvericin mycotoxin (0.53 and 1.05 µM for 
24 h) were simultaneously treated or pre-treated (24 h) with vi-
tamin C, vitamin E, quercetin and pterostilbene (2.5-100 µM). 
the Mtt assay was performed as a measure of cell viability. 

Beauvericin was able to induce cytotoxicity in CHO-K1 cells 
in a dose-dependent manner. CHO-K1 cells co-treated with vi-
tamins and flavonoids showed a greatly decreased cytotoxic re-
sponse to beauvericin in comparison with 24 h antioxidant pre-
treatment. Vitamin e was the most active antioxidant among the 
compounds tested, with an estimated percentage protection over 
100% of control. According to the protective capacity of these 
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antioxidants, the percentage of protection of vitamin e, vitamin 
C, quercetin and pterostilbene in CHO-K1 cells related to con-
trol increased from 10 to 106%, 16 to 91%, 20 to 80% and 16 to 
30%, respectively. 

In conclusion, vitamin C, vitamin E, quercetin and pterostil-
bene are able to prevent beauvericin-induced cytotoxic damage 
in CHO-K1 cells in a dose dependent manner. Moreover, the 
optimal time and dose for vitamins and flavonoids to display 
protection seem to be the co-treatment with antioxidants and 
beauvericin. Furthermore, the best antioxidant protection was 
observed with 25 µM vitamin C, quercetin and pterostibene, 
and 50 µM vitamin E.

this work was supported by the Science and education Spanish 
Ministry (AGl2007-61493).
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In vitro cell transformation assays – their use in safety 
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the prediction and assessment of carcinogenicity of chemical 
compounds is an essential step in their development. the 2-year 
bioassay, the standard method for carcinogen detection, is time 
and resource intensive. Many short-term tests, especially geno-
toxicity tests, have been developed to aid in the identification of 
potential carcinogens. However, the endpoint of these systems 
is genotoxicity, the concordance between rodent bioassays is 
only about 60% and a battery of short-term genotoxicity tests 
cannot improve the overall concordance. 

In vitro cell transformation tests using SHE-, Balb/c3T3-, 
Bhas 42- cells simulate the process of animal two-stage car-
cinogenesis. these tests are suited for the in vitro detection of 
a carcinogenic potential of test compounds in safety and risk 
assessment. Results from cell transformation assays can provide 
information that, in combination with data from other testing 
methods, are useful for identifying the carcinogenic potential of 
chemical compounds. the results of these assays, in combina-
tion with other information such as genotoxicity data, structure 
activity analysis, in vivo toxicity data and pharmaco-/toxicoki-

netic information, can facilitate a relatively comprehensive as-
sessment of the carcinogenic potential of a chemical. they are 
used in order to gain additional information when the biological 
significance of the bioassay results is uncertain, for clarifica-
tion of the meaning of positive results from genotoxicity assays 
in the weight-of-evidence assessment, for compound classes 
where genotoxicity data have only limited predictive capacity, 
for investigation of compounds with structural alerts for carci-
nogenicity, to demonstrate differences or similarities across a 
chemical category and for the investigation of the tumour-pro-
moting activity of chemical compounds. 

New technologies will contribute to a better understanding of 
the mechanism underlying these assays and to a more objective 
evaluation of transformed foci and colonies. It is time that cell 
transformation assays be accepted as a useful short-term in vitro 
tool for assessing the carcinogenic potential of chemical com-
pounds. In this presentation examples will be provided on how 
to use these promising assays in safety and risk assessment. 

Keywords: in vitro cell transformation, genotoxicity, carcinogenicity
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for the prediction of human acute oral toxicity
Pilar Prieto 0, Annette Kopp-Schneider 1, Sven Stanzel 1 and Agnieszka Kinsner-Ovaskainen 0

0In-Vitro Methods Unit/ECVAM, Institute for Health and Consumer Protection, European Commission Joint Research  
Centre (Ispra) (It); 1Dept. of Biostatistics, German Cancer Research Centre (Heidelberg) (DE)

Contact: maria.prieto-pilar@jrc.ec.europa.eu

The EU FP6 project ACuteTox represents the first attempt to cre-
ate an integrated testing strategy based solely on in vitro and in 
silico methods, with the purpose of replacing animal testing for 
predicting human acute oral systemic toxicity. the optimisation 
phase of the project resulted in the selection of test methods con-
sidered to be potential candidates for building blocks of the final 
tiered testing strategy. the test methods were selected according 
to their reproducibility and reliability, as well as their potential to 
classify chemicals into the official acute oral toxicity categories 
(GHS, eU). the last part of the ACutetox project consisted in a 
prevalidation exercise aimed to assess the predictive capacity of 
the proposed tiered testing strategies and the identification of the 
combination of test methods that gives the best prediction.

the test methods that entered the prevalidation were 1) the 
3t3 neutral red uptake cytotoxicity assay, 2) the cytokine re-
lease assay using human whole blood, 3) the inhibition of colo-
ny forming unit efficiency in human cord blood-derived cells, 4) 
gene expression and uridine incorporation in primary rat brain 
aggregate cultures, 5) cytomic panels measuring oxidative stress 
and cytotoxicity screening in HepG2, SH-SY5Y and A.704 hu-
man cell lines, 6) the Mtt assay using primary rat hepatocytes, 
7) kinetic parameters (volume of distribution, protein binding, 
clearance and oral absorption using Caco-2 cells) for the estima-
tion of the oral dose from the effective concentration observed 

in vitro and 8) the estimation of compound passage through the 
blood-brain barrier using neuronal networks (for neurotoxicity 
assays). eight laboratories were involved in the study. A new set 
of 32 chemicals were selected and tested blindly. All raw data 
were collected using a unique standard template and analysed 
independently by biostatisticians. 

During the optimisation phase the statisticians assisted in the 
development of a preliminary tiered testing strategy by assess-
ing at least three different combinations of the selected assays. 
the proposed combinations have been challenged retrospec-
tively with the new data generated during the testing phase of 
the prevalidation in order to identify the best predictive strategy. 
the use of reference compounds, which were not included in 
the “training set”, was necessary in order to properly assess the 
predictive capacity of the tiered testing strategy.

this presentation will illustrate the activities carried out dur-
ing the prevalidation exercise with particular emphasis on the 
different methods selected and the generation of the data used 
to assess the predictive capacity of the proposed testing strategy 
retrospectively. 

the authors would like to acknowledge all the partners of the 
ACutetox consortium who contributed to the generation of the 
results. 
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Hexachlorobenzene (HCB), an organochlorine fungicide widely 
used in agriculture, has been one of the most frequently detected 
pollutants in human (Jarrell et al., 1993) and farm animal follicular 
fluid (Kamarianos et al., 2003). Information concerning the pres-
ence of pentachlorobenzene (HCB metabolite) in tissue samples 
and body fluids is limited. Moreover, there are no data concerning 

the action of environmentally relevant doses of HCB and PeCB on 
ovarian follicular function. the aim of the presented data was to 
test the accumulation of HCB and PeCB in the follicular wall and 
as a consequence its action on follicular steroidogenesis. 

The small (SF) porcine follicles were incubated in M199 me-
dium +10% FBS at 37˚C with 1 μg/ml HCB or PeCB added each 
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day for four days. HCB and PeCB concentrations in the follicu-
lar wall and medium were quantified by a capillary column gas 
chromatograph equipped with an electron capture detector (GC-
ECD: Hewlett Packard 5890 Series II) (Falandysz et al., 2001). 
For steroid analysis, follicles were incubated with 0.02, 0.2 and 
2 ng/ml HCB or PeCB for 3 days. Medium was changed every 
day and new reagents were added to the medium. Progesterone 
(P4), testosterone (T) and estradiol (E2) levels were evaluated 
by elISA (DRG Diagnostic GmbH, Germany). 

Almost all of the PeCB accumulated in the follicular wall 
(97.2% of the total dose). 57.5% of the total HCB dose accumu-
lated. there was a difference in the action on steroid secretion. 

HCB had no effect on P4 secretion, while an inhibitory effect 
on T and E2 secretion was observed. PeCB stimulated the secre-
tion of all investigated steroids strongly. 

The presented data showed that HCB is metabolised locally 
in the follicular wall, whereas PeCB accumulates fully. HCB in 
all doses decreased T and E2 secretion with no action on P4 se-
cretion, suggesting antiestrogenic properties of HCB. This is in 
agreement with Alvarez et al., (Alvarez et al., 2000), who found 
that HCB treatment reduced circulating levels of estradiol without 
an effect on serum concentrations of progesterone in female rats. 
On the other hand, Foster et al. (Foster et al., 1993) also observed 
no effect on E2 but increased P4 levels in superovulated rats ex-
posed to HCB. Additionally we showed that PeCB increased the 
secretion of all investigated steroids. to our knowledge there are 
no prior data concerning action of PeCB as an endocrine disrup-

tor in the ovary. Based on the presented preliminary results we 
suggest estrogenic properties of PeCB, probably by action on 
the mobilisation of cholesterol, which serves as a substrate for 
progesterone, testosterone and then estradiol synthesis. the next 
step is to elucidate the mechanism of action, i.e. activation of en-
zymes involved in steroidogenesis from progesterone (CYP11A1, 
3βHSD) to testosterone (CYP 17) and estradiol (CYP 19). 

This work was supported by K/ZDS/000783/2010/Poland.
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the environment Agency Austria (eAA, Umweltbundesamt 
GmbH) is the expert authority of the federal government in Aus-
tria for environmental protection and environmental control. It 
comprises a wide field of environmental and health related is-
sues. the aims of the eAA regarding regulatory testing will be 
presented: In order to ensure the safe use of chemicals, biocides 
and nanomaterials and the ensuing benefits, it is necessary to lay 
the legal basis and develop and adapt methodologies for evalu-
ating exposure and effects of these substances. Knowledge gaps 
concerning their human and ecological toxicity must be closed. 
On the other hand potential benefits of nanotechnologies should 
not be overlooked. Information needs of the public, researchers 

and other relevant stakeholders have to be addressed in a target 
specific manner. 

the activities of the eAA are summarised and will include the 
following aspects: 
– The work of the EU National Coordinator for Testing  

Methods
– Participation in working groups regarding REACH and the 

Biocides Directive 
– Participation in OECD working groups 
the authors believe that by informing scientists of the work of 
the eAA, future collaborations will be made possible, which 
will help to close knowledge gaps between what regulators 
need and what scientists have. 
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the small intestine is the organ where the greatest part of the 
absorption of orally administered drugs takes place (Derendorf 
et al., 2002). Active ingredients are transported over the intesti-
nal epithelia by several transport mechanisms and released into 
the adjacent circulation. Many potential drug candidates fail in 
phase II and III clinical trials because of their low solubility, low 
permeability and/or a high first-pass metabolism in gut and liver 
(Ungell, 2002). therefore a detailed knowledge of the absorp-
tion and oral bioavailability of new drug candidates must be 
available at the early stage of preclinical trials to minimise costs 
and use of valuable resources. the testing of new candidates 
takes place predominantly in preclinical trials in the form of cell 
and animal experiments.

Due to their oversimplified construction, monolayer cultures 
reflect the physiology of the small intestine insufficiently and 
the transfer of generated data from animal experiments to the 
human organism is sometimes critical from the scientific point 
of view due to species-specific differences (Le Ferrec, 2001). 
Furthermore, not only because of ethical aspects, animal testing 
should be reduced in terms of the 3R principle to a minimal nec-
essary degree by the use of meaningful alternative test methods 
(lahl, 2005).

A 3D dynamic intestinal tissue equivalent, which reflects the 
micro environment of the small intestine, has been developed 
at the Fraunhofer IGB. Caco-2 cells and primary microvascu-
lar endothelial cells are co-cultivated in a 2-chamber bioreactor. 
the endothelial barrier simulates the in vivo gut-blood barrier 
for the systemic uptake of substances in the body. Contrary to 
static diffusion cells (e.g. Franz chamber), the bioreactor pro-
vides an apical and basolateral flow of culture media. By use 
of a decellularised intestinal collagen scaffold and a dynamic 
bioreactor system, the structure of the villi and the morphology 
of highly prismatic epithelial cells could be recreated. Due to 
the remaining 3D structures of the former mucosa, the scaffold 
would protect the reseeded cells against high shear stress and 
could therefore enable the regeneration of the epithelial layer 
and multiple testing in the future.

Under dynamic culture conditions the Caco-2 cells grow in 
a highly prismatic manner similar to enterocytes in vivo. the 

3D dynamic co-culture model could be validated so far with 
substances that simulate high permeability, low permeability 
and efflux transport. Preliminary studies showed an increasing 
paracellular permeability of the epithelial cells under dynamic 
culture conditions in comparison to the standardised insert mod-
el. therefore an improved correlation of the generated transport 
data with the human organism could be proven by the use of 
substances of low permeability (Fluorescein & Desmopressin). 
In addition, the accomplishment of directed transport studies 
for the investigation of the transport protein p-gp by the use of 
Rhodamine 123 was possible and correlated with the data of the 
conventional Caco-2 assay (troutman and thakker, 2003). 

Our test system should provide a basis for ADMet studies 
and the characterisation of different substances. the results 
should be validated to predict systemic effects and for in vivo 
classification. Ongoing studies concentrate on the exchange of 
Caco-2 cells with primary enterocytes.
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Hypertrophic scars are common problems in clinical daily practice, 
but there is still a lack of knowledge of the mechanism of their 
formation and of possibilities to prevent or treat them. (Bell et al., 
1979) have showed that culturing fibroblasts in hydrated collagen 
gels induced gel reorganisation and led to gel contraction. 

the present study aimed to investigate differences in reor-
ganisation of the matrix with the presence of normal and hyper-
trophic scar fibroblasts. Fibroblasts were obtained from full 
thickness normal human skin (named normal human fibroblasts 
– NHF) (n=10) and from hypertrophic scars (named hypertroph-
ic scar human fibroblast – HSHF) (n=10). Cultured cells were 
seeded in a collagen lattice and then assayed for gel contraction. 
After 24 h and 48 h dishes were photographed and measured us-
ing image analyser software. Obtained values were statistically 
analysed using generalised estimating equations. 

There was a significant increase in lattice contraction in the 
hypertrophic scar group when compared to the normal skin 
group. At 24 h, HSHF exhibited a 33% reduction in the area 
while NHF-FPCL was reduced in 26% of the original area. Af-
ter 48 h, although the rate of contraction was 37% for HSHF 
and 30% for NHF, there was no statistic difference in lattice 
contraction (p < 0.0001).

In the present study we observed that the maximum contrac-
tion of the gel occurred during the first 24 h in both NFH and 
HSHF populated gels but contraction of HSHF-FPCL was sta-
tistically higher than NHF-FPCL. The data obtained in these 
experiments indicate that the behaviour of hypertrophic scar 
fibroblasts is different from normal skin fibroblasts and that this 
model can be used in hypertrophic scar studies.
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Over the past year there have been a number of activities and 
initiatives in the eU with an increased focus on the 3Rs. Agree-
ment on the revision of Directive 86/609/eeC, the eU Animal 
experimentation Directive, may not have incorporated all the 
possible improvements necessary for better animal welfare, 
but this european law now aims to harmonise legal protec-

tion for animals and calls for the use of alternative tests where 
available.

Furthermore, alternative methods are increasingly being taken 
up in the development of new and revised legislation, as there 
are many which now include the obligation to keep animal test-
ing to the absolute minimum and testing requirements are more 
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in line with actual requirements, with alternatives used where 
possible. In addition to references in the 7th amendment to the 
Cosmetics Directive and ReACH, the eU chemicals policy, 
these now include pesticides, i.e. plant protection products and 
biocidal products, and food and feed testing.

International harmonisation is key! 2010 saw the launch of 
the Transatlantic Animal Welfare Council (TAWC), a platform 
that aims to strengthen the cooperation between organisations 
in the field of animal welfare in Europe and the USA in order to 
achieve the highest standards of animal welfare. Furthermore, 
2010 saw the launch of CAAt-eU, a collaboration between 
the Johns Hopkins Bloomberg School of Public Health and the 
University of Konstanz, which will coordinate transatlantic ac-
tivities to promote humane science and its education, and will 
participate in publicly and privately funded european projects.

Additional initiatives were under renewal in 2010, where we 
saw the European Partnership for Alternative Approaches to 

Animal Testing (EPAA) commit to continue its work on alterna-
tive methods. Launched in November 2005 with a 5 year action 
plan, this joint initiative of the european Commission and in-
dustry and trade federations works to promote the development 
of new 3R methods as modern alternative approaches to safety 
testing. Also under renewal is the European Action Plan on the 
Welfare and Protection of Animals, originally released in Janu-
ary 2006 with a 5 year strategy, with a wide-reaching scope to 
improve animal welfare in the eU and internationally, including 
the objective to apply the principles of the 3Rs to experiments 
involving animals. 

Possibilities for advancement of the 3Rs remain in place for 
the future, with commitment from industry and eU institutions 
and future resources made available through new requirements 
incorporated into the EU Framework Programmes and Commu-
nity Environment Action Programmes.
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The hen’s egg test for micronucleus induction (HET-MN) has 
been studied for several years and is intended to serve as an 
alternative test system to the in vivo micronucleus test (OeCD 
guideline 474). In order to verify the applicability of the Het-
MN, an intra- and interlaboratory reproducibility study was car-
ried out at the University of Osnabrück and the Henkel AG & 
Co. KGaA. 

At first Henkel, which served as naive test laboratory, test-
ed a range of compounds that had been pre-examined at the 
University of Osnabrück to show the successful transfer of 
the methodology and to adjust the existing standard operating 
procedure (SOP): the genotoxic chemicals cyclophosphamide 
(CP), dimethylbenzanthrazene (DMBA), both used as positive 
controls during the next phase, as well as methotrexate (Mtx), 
acrylamide (AC), azorubin (E122), N-nitroso-dimethylamine 
(NDMA), mitomycin C (MMC), and the non-genotoxic com-
pounds Orange G (OG) and isopropylmyristate (IPM).

During the subsequent interlaboratory trial, compounds not 
tested in any of the laboratories before were examined for the 

induction of micronuclei: (i) the non-genotoxic compound amp-
icillin (APS); (ii) the clastogenic p-chloroaniline (PCA); (iii) 
the two aneugens carbendazime (MBC) and vinorelbine (VNR); 
(iv) isophorone (TCT), malathion (BDP), and 2,4-dichlorophe-
nol (DCP), which are considered irrelevant positive (positive 
in standard in vitro tests but negative in vivo). Based on these 
results a prediction model was established.

15 of the 16 examined compounds were predicted correctly. 
Remarkably, the results for the in vitro irrelevant positive com-
pounds correspond to the published data of the in vivo MNT, 
which are considered biologically more relevant than results 
from the in vitro assays.

Due to the high rate (approx. 95%) of correctly identified mu-
tagenic and non-mutagenic compounds we consider the Het-
MN to represent a promising tool to supplement existing test 
batteries. The commonly established SOP and prediction model 
will be challenged in a prevalidation study starting in summer 
2010. It will be funded by the German Ministry of Research and 
Education (BMBF), as the reproducibility study was.
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The skin is the first site of contact to external stimuli. It protects 
the body in several ways. Its barrier function determines the lo-
cal and systemic bioavailability of topically applied substances. 
Dermal xenobiotic metabolism contributes to the potential tox-
icity of substances by converting compounds that have penetrat-
ed the barrier into harmless or toxic metabolites. Consequently, 
growing efforts are put into species- and organ-specific safety 
assessment of topically applied compounds: corrosion, irrita-
tion, genotoxicity, and sensitization. However, in comparison to 
the liver, little is known about xenobiotic metabolism of the skin 
and appropriate in vitro systems.

to select an in vitro system that is most similar to the in vivo 
situation, human native skin was compared to several in vitro 
models of different physiological complexity: (1) the Phenion® 
Full thickness Skin Model comprising dermis and epidermis, 
(2) an open source epidermal model (OS-REP), and (3+4) mon-
olayer cultures of fibroblasts or keratinocytes. 

the four in vitro models were produced in-house with biopsy 
cells from the same donor to exclude donor variability. First, the 
basal gene expression of phase I and II enzymes of three differ-
ent donors were investigated by quantitative RT-PCR. Second, 
protein expression and enzyme activity were compared between 
the in vitro systems.

the results demonstrate that in vitro skin models with rising 
physiological complexity mirror the native situation more real-
istically: of 14 analysed genes only two display reduced expres-
sion in epidermal models but twelve and nine in keratinocytes 
or fibroblast monolayer cultures, respectively. 

In addition, the dermal in vitro models were compared to cells 
(cultivated as monolayers and spheroids) mirroring the liver 
system. The analysis of gene expression and enzyme activity 
revealed that phase I enzymes are much more prominent in the 
liver system. In contrast, phase II enzymes exhibited higher val-
ues regarding gene expression and enzyme activity in the der-
mal systems. 

Keywords: skin, liver, xenobiotic metabolism
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Respiratory allergens may be an underlying cause of adult-onset 
asthma, which is the major occupational respiratory disease in 
industrialised countries. Despite international regulatory re-
quirements there is no established in vitro protocol for the iden-
tification of chemicals that cause respiratory sensitization. This 
study investigated the alterations in gene expression of human 
bronchial epithelial (BEAS-2B) cells after exposure to respira-
tory sensitizing and non-sensitizing chemicals. The aim is to 
identify gene transcripts that are able to discriminate between 
the two groups of chemicals.

BEAS-2B cells were exposed during 6, 10, and 24 h of ex-
posure to a panel of nine respiratory sensitizing (i.e. 7-ami-

nocephalosporanic acid, ammonium hexachloroplatinate IV, 
hexamethylene diisocyanate, diphenylmethane diisocyanate, 
glutaraldehyde, maleic anhydride, piperazine, styrene, and 
trimellitic anhydride) and 9 respiratory non-sensitizing chemi-
cals, (i.e. five skin sensitizers (2-bromo-2bromomethyl glutar-
onitrile, 1-chloro-2,4-dinitrobenzene, cinnamaldehyde, 2-mer-
captobenzothiazole, and tetramethylthiuram disulfide) and 
four irritants (i.e. acrolein, chloropicrin, epichlorohydrin, and 
methyl salicylate)). Overall changes in gene expression were 
evaluated using Agilent Whole Human Genome 4x44K oli-
gonucleotide arrays. Fisher linear Discriminant Analysis was 
used to obtain a ranking of genes that reflects their potential 
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Photosensitivity is a delayed type IV hypersensitivity induced 
by a broad spectrum of active components and concurrent ex-
posure of skin to ultraviolet radiation. Due to a high frequency 
of applied substances in toiletry and clinical therapy there is a 
need for predictive methods in order to determine/classify po-
tential photosensitizers before applying them to cosmetics or 
pharmaceuticals. Up to now no adequate in vitro alternatives 
are available. Our intention was to provide an in vitro photo-
sensitivity assay to detect photosensitizers. Since dendritic cells 
play a key role in the induction of contact allergies, this in vitro 
assay is based on the established monocyte derived dendritic 
cell (MoDC) assay.

CD1a-/CD14+ monocytes were positively selected from hu-
man peripheral blood and differentiated with IL-4 and GM-
CSF supplementation for 5 days. test substances were pre-
incubated with MoDCs prior to UVA radiation followed by 

48 h incubation. CD86, HLA-DR and CD83 were measured 
by FACS.

Known chemicals were chosen for evaluation, including chlo-
rpromazine, olaquindox (phototoxic and photoallergen), musk-
ambrette (photoallergen and allergen), 2,4-dinitrochlorobenzene 
and nickelsulphate (allergen only). Results obtained from the in 
vitro assay were consistent with previously described photosen-
sitizing potentials for all chemicals tested. 

thus, this assay allows the evaluation of the photoallergic 
potential of substances. Moreover the assessment of their al-
lergic, phototoxic and toxic potential in this single assay is an 
additional benefit. To improve validity additional substances are 
being tested at present.

the method presented here provides a promising assay for 
assessing photoallergic and, in addition, phototoxic potential of 
relevant substances.

Keywords: in vitro toxicology, photosensitization, CD86, dendritic cell, alternative method

to discriminate between respiratory sensitizing and respiratory 
non-sensitizing chemicals.

The results of an initial study (after the exposure of BEAS-2B 
to three respiratory sensitizing and three respiratory non-sensi-
tizing chemicals) are indicative that the BEAS-2B cell line can 
be used as an alternative cell model to screen chemical com-
pounds for their respiratory sensitizing potential. These results 
have been published in Toxicology 255 (2009) 151–159. The 
incorporation of gene profiles after exposure to 12 additional 

chemicals will result in the identification of potential gene ex-
pression markers that can discriminate respiratory sensitizing 
from respiratory non-sensitizing chemicals.

This work was partly funded by the EU FP6 Integrated Project 
Sens-it-iv (LSHB-CT-2005-018861) aiming at the development 
of novel strategies for in vitro assessment of allergens (www.
sens-it-iv.eu).
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Testing for reproductive and developmental toxicity of drugs and 
other chemical compounds in vitro is an attractive alternative 
procedure to time-consuming and expensive in vivo or ex vivo 
experiments. The embryonic stem cell test (EST) represents a sci-
entifically validated method for the detection and classification 
of compounds according to their teratogenic potency. However, 
more work is required to assess its applicability domain and to 
improve its predictive capacity before gaining full regulatory ac-
ceptance. 

We picked valproic acid (VPA) as a model compound to 
evaluate the suitability of the eSt for distinguishing between 
developmental toxicity potencies of substances with closely 
related structures. VPA is among of the most frequently used 
anti-epileptic drugs worldwide. Further, it is used for migraine 
prophylaxis and in the treatment of bipolar psychotic disorders. 
Two severe side effects of VPA, hepatotoxicity and teratogenic-
ity have prompted research into derivatives of VPA. Here we 
investigate six closely related analogues of VPA whose tera-
togenic potential has been previously determined in the NMRI 
exencephaly mouse model.

the validated eSt employs the murine embryonic stem cell 
line D3, which spontaneously differentiates into contracting car-
diomyocytes. this morphological feature is used as an endpoint 
of differentiation along with the measurement of cytotoxicity on 

both D3 stem cells and 3T3 fibroblasts. Recently we reported 
on an abbreviated protocol of the EST using flow cytometry, 
termed FACS-eSt. this protocol reduces the assay length from 
ten to seven days and replaces the morphological assessment 
with the immunofluorescence detection of structural proteins of 
the sarcomere apparatus. 

Determining the concentration of half maximal inhibition of 
differentiation of VPA and its six congeners in the EST revealed 
a ranking similar to that found previously. Distinct embryotox-
icities in vivo of stereoisomers, which differ only by their spa-
tial configuration, were reproduced by the EST. Similarly, an 
increased in vivo potency correlating with longer chain length 
of the congener was evident as higher cytotoxicity in the EST. 
Comparing the validated eSt with the FACS-eSt demonstrat-
ed a good correlation, with the ranking of the substances being 
identical between methods.

Our data demonstrate that the eSt is capable of differentiat-
ing among closely related molecules according to their embryo-
toxic potency. Both in vitro differentiation and cytotoxicity have 
to be considered to assess teratogenicity comparable to in vivo 
results. The FACS-EST is equally potent to the validated EST, 
and all substances were ranked in the same order and in full ac-
cordance with data obtained in the NMRI exencephaly mouse 
model.
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Recent advances in assay chemistries have made it possible to 
multiplex a variety of cell-based assays in an automated high 
throughput format using standard plate readers. We have devel-
oped methods to combine various luminescent and fluorescent 
cell-based assays in a homogeneous format. the possible com-
binations for multiplexing have been expanded by the validation 
of novel markers to detect cytotoxicity and the development of 
assay chemistries that can be used directly in wells contain-
ing viable cells. the chemistries used to perform various cell-
based assays will be described along with factors to consider 

for building a successful multiplex combination. Examples will 
be presented demonstrating multiplex measurement of viable 
cells, necrotic cells and apoptotic cells, all in the same sample. 
Additional examples will be included, demonstrating multiplex 
measurement of viable cells with other markers relevant to cell 
health including: cytochrome P450 activity, GSH level as a 
marker of cell stress, and cell-based proteasome activity. the 
advantages and disadvantages of multiplexing various homoge-
neous in vitro cytotoxicity assays will be presented along with 
results of ongoing efforts to develop new assay technologies.

Keywords: viability, cytotoxicity, apoptosis, cell stress, high throughput
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Since its initiation in 2005, the FP6 project Sens-it-iv (www.
sens-it-iv.eu) has collected knowledge allowing the develop-
ment of tests and test systems for the identification of skin and 
respiratory sensitizers (Weltzien et al., 2009). The applicability 
domain of the selected chemicals was described in Sens-it-iv 
newsletter 32 (http://www.sens-it-iv.eu/files/newsletter/Sens-it-
iv_Newsletter_32.pdf).

the emerging tests can be ranked according to their level of 
maturity. Each level has its specific requirements:

Level 1: Since (Weltzien et al., 2009), the human reconstituted 
skin test, the NCTC2544 test and the DC test have been refined 
and evaluated as tests for screening. the human reconstituted 
skin test and the NCTC2544 test are currently being tested as 
a tiered strategy, where the NCTC test identifies skin sensitiz-
ers (> 99% predictivity), while the reconstituted skin test allows 
to predict potency in good correlation with the LLNA. A small 
prevalidation study is ongoing. Genomic analysis has moved the 
DC based tests away from activation and maturation detection. 
A marker signature was identified that predicts skin sensitizers 

with 99.9% accuracy. Further evaluation (including respiratory 
sensitizers) is ongoing. For the tiered approach and the DC based 
test new partners bringing in new chemicals are in the process of 
being identified (expansion of the applicability domain). 

level 2: the second level includes a test determining DC 
migration. this is a functional assay that has the potential of 
becoming a first post-screen test. This test was capable of iden-
tifying 5 out of 5 skin sensitizers in a panel of 8 compounds 
including 3 controls (irritants and inert chemicals). Technology 
transfer is ongoing and has been successful so far.

An attempt to incorporate DC in human reconstituted skin 
culture was promising but must still be considered a model for 
studying mechanisms. A “metabolic activation test” has been 
developed but requires more extensive evaluation.

Level 3: A bronchial and alveolar human lung model has been 
identified. Both models are currently under further evaluation. 
Finally, a t-cell priming test has been established. this test uses 
primary human blood cells (DC and t-cells) and is the most 
complex assay of the toolbox. It is to be used as the ultimate 
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in vitro assessment of compounds. Promising results were ob-
tained, but further research, optimisation and evaluation is re-
quired. Research has given us a better understanding of the role 
of DC and the cross-talk between DC and t-cells. 

In conclusion, several mechanistically relevant and promising 
test strategies have been developed within the Sens-it-iv project 
and are being refined further. It is considered realistic that some 
of these assays can be refined to a stage where they can be for-
mally evaluated and validated. However, the timing to get these 
new technologies accepted by regulatory and legislative bodies 

lies outside the influence of Sens-it-iv. In that sense an answer to 
the original question concerning the future safety of chemicals 
may depend on necessary interim solutions enforced by regula-
tory authorities.
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The REACH regulation asks for toxicological data on all chemi-
cals that are marketed in the european Union. the registration 
dossier can be quite extensive, depending on the tonnage lev-
el of the marketed chemicals. Recent estimates foresee up to  
54 million test animals to fulfil REACH requirements.

ReACH accepts the use of non validated alternative methods 
if the scientific validity is demonstrated. According to Annex XI 
of ReACH, data from non validated in vitro assays can be read-
ily included when the outcome result is positive and the chemical 
shows some toxicological activity. All negative results, which are 
the majority of the cases, need confirmation in vivo.

Another possibility to use in vitro methods is within a weight-
of-evidence strategy, i.e. when there are several datasets coming 
from different sources, all demonstrating a specific property of a 
chemical. In this way, also negative results can be accepted.

The registration dossier must be prepared using IUCLID 

5.2, which is specific software created by ECHA, the European 
Chemical Agency. However, IUCLID 5.2 is not designed for in-
serting data that was not obtained in vivo. In vitro methods have 
specific fields only in the area of genetic toxicity. In vitro test 
methods and results are dialled in as free text, with questionable 
acceptability. In fact, all submitted data must undergo the TCC 
(Technical Completeness Check), which fails when some IU-
CLID 5.2 entries are left empty, as in the case of in vitro data.

In spite of these difficulties this poster presents how data from 
a weight-of-evidence approach have been used for the registra-
tion of a UVCB flame retardant. The strategy that was adopted 
is explained and IUCLID 5.2 records are shown. The TCC re-
port is also included and commented. Unfortunately, the feed-
back from eCHA will only be available in the coming months. 
Nevertheless, it will be important for the future to pave the way 
for the submission of in vitro data to foster their maximum use.
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the revision of the new eU Directive for the protection of animals 
used in experiments and for other scientific purposes is in its final 
stage. the content of the new Directive is based on a compromise 

text by the European Commission, the European Council and the 
European Parliament published in December 2009. Its adoption is 
expected this autumn. It will replace Directive 86/609/EEC.
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the original proposal of the european Commission published 
in November 2008 included some promising improvements for 
animals in comparison with the existing legislation. However, 
the industry and research lobbies successfully exerted massive 
pressure on the European Parliament and the Council of Minis-
ters to considerably weaken the more animal friendly proposals. 
As a result the new Directive will be more than disappointing: 
there will be no real restrictions on the use of non-human pri-
mates and even experiments on great apes will still be possible. 
Researchers will still be able to continue to use animals even 
when scientifically approved 3R methods are available. The au-
thorisation procedure is far from being strict and transparent. For 
about one third of all experiments, those which are performed 
to satisfy regulatory requirements, Member States can adopt a 
simplified administrative procedure. In addition, it will not be 
necessary to involve external independent experts as ethicists 

or animal welfare specialists in the cost/benefit evaluation of 
animal experimental projects. And, even worse, Member States 
shall no longer have the right to adopt stricter rules then those 
set in the Directive. this could result in halting the improve-
ment of animal welfare standards and is a major step backwards 
from the existing regulation.

It is very disappointing that the new Directive does not reflect 
public opinion. the public is increasingly demanding far greater 
restrictions on the use of animals and better protection for those 
that are used, as recent opinion pools have demonstrated. the 
revision of the Directive also does not fully take into account 
the technical and scientific progress and even falls back behind 
Directive 86/609. At least the Directive will improve the protec-
tion of laboratory animals in some eU Member States. Animal 
welfare groups will urge the best possible protection for research 
animals when the Directive is implemented into national law.

Keywords: Revision 86/609/EEC, animal experiments, primates, alternative methods, authorisation procedure
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Use of the aqueous extract of Securinega leucopyrus (Willd.) 
for cancer treatment has recently become popular among Sri 
lankan traditional medicine practitioners despite lack of scien-
tific evidence for its claimed anti-carcinogenic activity. How-
ever, the presence of broad spectrum antimicrobial activity of 
the plant’s leaves has previously been reported, indicating its 
therapeutic uses against dysentery and dandruff (Bakshu et al., 
2001). therefore the present study was performed with the aim 
of investigating possible anti-carcinogenic effects of Securin-
ega leucopyrus (Willd.). 

Hot water extract was obtained from aerial parts of Securin-
ega leucopyrus (Willd.) collected throughout the year. The ex-
tract was standardised according to HPLC profiles obtained by 
reverse phase linear gradient of 80% acetonitrile in methanol 
to 100% methanol. The cytotoxicity against human hepatoma 
cells (HepG2) was determined by (a) the effect on cell morphol-

ogy and (b) MTT and SRB assays. Concentrations of the extract 
used varied between 150 µg/ml and 2400 µg/ml. The cells were 
treated with each of these concentrations for 24, 48 and 72 h.

Our data suggest that the aqueous extract of Securinega leu-
copyrus (Willd.) exerts a significant cytotoxic effect against 
HepG2 cells in a time and dose dependant manner. Doses caus-
ing 50% inhibition of cellular growth were 450 μg/ml, 300 μg/
ml, 150 μg/ml at 24, 48 and 72 h time points, respectively, sug-
gesting the presence of more stable cytotoxic compound/s in 
the extract. 
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Nanotechnology is considered to be a key technology of the 21st 

century. In support of this new research area, the European Union, 
many eU Member States and Associated States have set up action 
plans, platforms and research funding programmes. 

In June 2005, the European Commission adopted the EU Na-
nosciences & Nanotechnology Action Plan 2005-2009 (Com-
mission, 2005), aiming at promoting the “integrated, safe and 
responsible approach” to nanotechnology (Commission, 2004). 
the european Commission declares its commitment to promoting 
nanotechnological research, to addressing citizens’ expectations 
and concerns regarding this new technology and to ensuring the 
safety of products and techniques resulting from nanotechnology. 
A subsequent Strategic Nanotechnology Action Plan 2010-2015 is 
currently under consideration.

 the Foundation Animalfree Research is concerned that nan-
otechnological research has the potential to lead to an increase in 
animal experiments. Many animal experiments that are currently 
being performed in nanotechnology are moderately and even se-
verely distressful (Sauer, 2009).

As regards the development of new research policies, the eU 
Treaty of Lisbon (2008) requests the Union and the Member States 
to pay full regard to the welfare requirements of animals as “sen-
tient beings”. Council Directive 86/609/EEC on the Protection of 
Laboratory Animals (Council, 1986), which is currently under re-
vision, prohibits animal experiments if non-animal test methods 
are available. It requests the Community and the Member States 
to encourage research into developing and validating alternative 
techniques. It is expected that the revised Directive will contain 
similar provisions requesting the development and application of 
alternative methods. 

In line with this legal obligation to prevent animal testing, 
for its future nanotechnology policy the european Commission 
has spelled out the priority “to develop further, compare and 
validate in vitro, in vivo and in silico test methods and strate-
gies… and to enable a gradual shift towards alternatives to animal 
testing”(Commission, 2009).

However, so far neither validated in vivo nor in vitro test methods 
are available yet for nanomaterial testing. therefore, new test bat-
teries have to be developed, validated and accepted. At a time when 
international efforts are striving for a paradigm change in toxicology 
towards non-animal testing strategies (CTTAEA and NRC, 2007), 
it would not be state-of-the-art to found new nanomaterial testing 
strategies on animal tests, which then have to be replaced step-by-
step. therefore, instead of aiming for a “gradual shift towards alter-

natives to animal testing”, EU nanotechnology policies should ex-
plicitly set the goal to implement a fully non-animal testing strategy 
for nanomaterial testing from the beginning, lay down a target date 
for meeting this goal and dedicate adequate funding for this.

Regardless of the specific animal welfare concerns relating to 
nanotechnology, the Foundation Animalfree Research is of the 
opinion that nanotechnological research can serve to overcome 
animal experimentation if promoted adequately. Emerging in vitro 
technologies, such as microfluidics and single cell evaluations, can 
improve the scientific application spectrum of non-animal meth-
ods in biomedical research and safety testing. We would like to see 
the innovative nature of nanotechnological research being used to 
speed up the paradigm change from in vivo to in vitro in biomedi-
cal research and regulatory testing. 
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While representing the best and most extensively used cell cul-
ture model of absorptive enterocytes, the human Caco-2 cell line 
displays a high degree of heterogeneity in the expression of dif-
ferentiated functions that is largely due to differences in culture 
procedures. Addition of foetal bovine serum (FBS) to the culture 
medium represents one of the major sources of variability in the 
performance of this differentiated cell culture model. the growth 
substrate can also influence morphology and expression of dif-
ferentiated functions, especially for epithelial cells that perform 
transport functions between the internal and external environ-
ment. Plastic culture-ware, that is impermeable to the passage of 
cell effluents, or permeable cell culture inserts are both common-
ly used for the culture of Caco-2 cells and can further increase the 
variability in the expression of differentiated functions. 

Caco-2 cells (parental Caco-2 and Caco-2/tC7, a line of 
clonal origin, obtained from INSERM, Paris) were grown and 
differentiated for up to 21 days on plastic or on permeable poly-
carbonate cell culture inserts and development of polarity and 
expression of intestinal functions were monitored by immun-
ofluorescence and confocal microscopy, gene expression by 
qRT-PCR and in situ enzyme assays. Cells seeded on permeable 
inserts were also maintained in different chemically defined me-
dia containing in the basolateral compartment culture medium 
supplemented with insulin, transferrin, selenium and a lipid 
mixture (oleate, palmitate, cholesterol), or a defined mixture of 
growth factors and hormones (MITO+ serum extender) with or 

without the addition of the lipid mixture. The effects of the dif-
ferent serum substitutes on cell differentiation were assessed by 
permeability assays, apical intestinal enzyme assays and func-
tional expression of transporters.

Growth and differentiation of Caco-2 cells on plastic pro-
duced a more heterogeneous morphology and negatively af-
fected the expression and localisation of tight junction proteins 
and the activity of apical enzyme compared to cells maintained 
on permeable supports. Among the serumfree media tested, 
cells supplemented with MITO+ serum extender displayed dif-
ferentiated functions that most closely resembled those of cells 
grown in media supplemented with 10% FBS.

In order to improve the reproducibility of the cell model we rec-
ommend the use of serum-free, chemically-defined medium for 
differentiation of Caco-2 cells (van der Valk et al., 2010). the use 
of plastic supports should be restricted to cell propagation, while 
permeable supports should be used for Caco-2 differentiation.

Work supported by EU FP6 Project “LIINTOP” Contract 
number STREP-037499
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The European chemical legislation REACH requires additional 
safety evaluation of chemical components going along with an 
increase in the number of animal experiments. Recently ECHA 
called for the use of alternatives to animal testing, thereby indi-
cating a strong request for in vitro systems.

the aim of the study is to develop a reliable and powerful 
cellular model for drug metabolism and hepatotoxicity studies. 
the HepaRG cell line, a human progenitor cell line able to dif-
ferentiate into hepatocyte-like cells, was cultured in a porous 
polystyrene matrix to reach more physiological culture condi-
tions than in a 2D cell culture model. We report on a three-di-
mensional (3D) liver cell model for drug studies.

HepaRG cell morphology and settling were investigated us-
ing haematoxylin staining, formazan formation, light micros-
copy (lM), scanning (SeM) and transmission electron micro-
scopy (teM) analysis. Cell proliferation (Mtt assay) and cell 
cytotoxicity (LDH assay) were determined. Differentiation 

of HepaRG cells was induced by dimethyl sulphoxide. Then 
CYP450 expression was analysed by qRT-PCR and activity by 
fluorescence based assays. Metabolic functionalities (albumin 
synthesis, urea formation) were measured over time.

Cell staining and formazan formation revealed a uniform 
distribution of HepaRG cells in the PS matrix. Ultrastructure 
analysis showed HepaRG cells in monolayers tight-fitting to the 
PS matrix. Analysis of cell viability, cytotoxicity and cell prolif-
eration proved that PS scaffolds are well tolerated by HepaRG 
cells. Differentiation of HepaRG cells within PS scaffolds re-
sulted in significantly higher mRNA expression and activity 
levels of important biotransformation phase I CYP450 genes 
compared to a conventional 2D cell culture model.

the differentiated HepaRG cells in the porous polystyrene 
matrix might be a promising system for in vitro test applications 
to study liver function in drug metabolism and hepatotoxicity 
and might help to reduce animal use for testing.

Dendritic cells, including langerhans cells, forming a sentinel 
network for pathogen detection, are the most abundant antigen-
presenting cells in the skin. through their ability to take up, 
process and present hapten to t-cells they play a critical role 
in the induction of contact allergies. In this process dendritic 
cells undergo fundamental changes, e.g. surface marker expres-
sion. Their observance marks a potential endpoint in the experi-
mental set-up of a predictive in vitro skin sensitization assay. 

therefore we developed an in vitro sensitization assay based on 
monocyte-derived dendritic cells and the detection of surface 
marker expression changes.

CD1a-/CD14+ peripheral blood monocytes from healthy do-
nors were isolated from buffy coats by Ficoll density centrifuga-
tion and further purified by positive selection of anti-CD14-Ig 
coupled magnetic microbeads. CD1a-/CD14+ monocytes were 
differentiated into immature dendritic cells by 5 day culture in 
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According to the new paradigm of 21st century toxicology, we 
introduce a cellular in vitro model of human neurons that allows 
not only phenotypic observations but also mechanistic insights 
into the pathways involved in neurodegeneration. When model 
systems composed of only one cell type are used, no informa-
tion on interactions between neurons and other brain cell types, 
such as astrocytes or microglia, can be observed. Most chronic 
neurodegenerative diseases are accompanied by pro-inflamma-
tory conditions and glial cell contribution. Another essential 
field in neurotoxicology focuses on the impact of compounds 
on neurites and requires better in vitro models. 

the human cell line lUHMeS (Schildknecht et al., 2009) was 
tested in co-culture systems with glial cells. With this model it 
is possible to investigate cell-cell interactions as exemplified by 
the conversion of the parkinsonian toxin MPTP by astrocytes 
into the active form MPP+, which subsequently leads to a se-
lective degeneration of lUHMeS. Also, signalling molecules, 

such as nitric oxide, superoxide or cytokines, and pharmacolog-
ical interventions were studied. As an alternative to transgenic 
animal models, LUHMES were transfected for overexpression 
of the Parkinson’s Disease related protein α-synuclein and its 
respective mutants, thus allowing studies on posttranslational 
modifications (tyrosine nitration, methionine sulphoxidation). 
For investigations on neurites, the differentiation process into 
fully mature neurons was performed in the presence of test com-
pounds. Neurite mass was detected by a newly developed auto-
mated system as the readout.
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the presence of IL-4 and GM-CSF. Substance treatment for 48 
h was followed by FACS analysis of HLA-DR; CD86; CD80; 
CD14; CD1a and CD83.

The expression changes of the surface marker CD86 most 
clearly correlated with the concentration of sensitizing sub-
stance tested.

In this assay all strong sensitizers tested, as well as non-sen-
sitizers, were identified correctly with regard to their allergic 
potential in the LLNA, whereas moderate sensitizers (accord-
ing to the LLNA) showed surface marker changes only close to 

cytotoxic concentrations. Limitations, e.g. donor variability and 
work intensiveness, are widely discussed. However, this assay 
leads to results that reflect the reaction of a healthy donor popu-
lation in contrast to single individuals of cell lines. Moreover, 
after interpretation of comprehensive investigation we assume 
that a classification of the sensitizing potential of substances 
may be possible, marking a clear advantage over the all-or-none 
interpretation of cell line based assays already established.

therefore this assay provides a basic application in assessing 
the allergic potential of active components.
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The Foundation Animalfree Research (AfR), founded in Zurich 
in 1976 as FFVFF, has been focussing on nanotechnology and its 
implications on animal testing and welfare in 2009 and 2010. 

In 2008, AfR financed a literature study aiming at providing 
information about number, type and severity of animal experi-
ments in the field of nanotechnology. This showed that nan-
otechnology has a high potential to significantly increase the 
number of research animals. In 2009, based on these results, Dr. 
Ursula G. Sauer evaluated how animal welfare issues are taken 
into account in political activities and research projects in eu-
rope. Political action plans do address the 3Rs principle, at least 
to some extent. Likewise, funding programmes promote the de-
velopment of non-animal test methods; however the proportion 
of in vitro funding does not seem sufficient to achieve a para-
digm change towards non-animal testing strategies. ethical de-
liberations on nanotechnology, which influence future policies, 
did not cover animal welfare issues. Overall, the political activi-
ties do not go far enough to pay full regard to animal welfare 
issues as requested in the Treaty of Lisbon. As a result of these 
observations, AfR has been addressing political and scientific 
responsible persons to draw their attention to the animal welfare 
implications of nanotechnology and to promote non-animal test 
methods in this rapidly developing area. In this context AfR has 
organised a Special Session for the present congress, entitled: 
“Towards non-animal testing strategies in nanotechnology – 
what needs to be done and who will do it?”

With the financial help of AfR it was possible to develop a 
triple-cell coculture system in order to study the interactions of 
synthetic nanoparticles with the lung and to better understand 
the potential risk for human health. this project culminated in 
a PhD thesis in 2010 and resulted in several follow-up projects. 
A poster on this topic by Dr. Christina Brandenberger can be 
viewed at this congress.

In 2009, AfR supported the development of an inhalation 
chamber that is suited to study cell-particle interactions in a 
controlled and life-like environment at the Helmholtz Institute 
in Munich. the chamber is applicable for various research areas 
and the results were published in 2009.

In 2009 and 2010, AfR partially supports a project which es-
tablishes an animalfree method for the safety testing of tetanus 
vaccines. After inactivation, these vaccines have to be tested for 
residual toxoid activity in guinea pigs, who are then examined for 
symptoms of tetanus. At Paul-Ehrlich Institute an in vitro system 
is being developed which can measure active tetanus neurotoxin.

In November 2009, AfR hosted a discussion forum focussing 
on the recently introduced concept of animal dignity, which has 
been part of Swiss animal welfare legislation since September 
2008. The practical implications for the public understanding 
of animal welfare and the possible consequences for jurisdic-
tion and research were then discussed in a panel of experts. A 
compilation of the contributions (German language only) can be 
ordered for 10 Swiss Francs at info@animalfree-research.org.
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Topical glucocorticoids (GCs) are highly effective anti-inflam-
matory agents but are limited by their side effect potential, with 
skin atrophy being the most prominent one. thus, determining 

the atrophogenic potential of novel compounds is important. 
the aim of this study was to establish an in vitro skin atrophy 
model.
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Data on eye irritation are generally needed for hazard identifica-
tion of chemicals. As the bovine corneal opacity and permeabil-
ity (BCOP) test is accepted for the identification of corrosive 
and severe ocular irritants since September 2009 (OeCD test 
guideline, TG437), we established and evaluated this alterna-
tive method for our routine testing including a broad variety of 
chemicals and formulations. 

We proved our technical proficiency by testing the ten ref-
erence standards recommended in the TG437 and a further 21 
substances with published BCOP and in vivo data. Our results 
matched the published in vitro data very well, but with some 
intentionally selected false negatives (FN) and positives (FP), 
the concordance was 77% (24/31) with FN and FP rates of 20% 
(2/10) and 24% (5/21). Additionally, we tested 21 in-house sub-
stances, showing the utility for our own substance panel. 

As it was suggested to use histopathological evaluation as an 
additional endpoint to help identify FN of low opacity and per-
meability, we also examined cross sections of treated corneas 
after the BCOP test. This endpoint corrected the classification of 
some FN, but at the same time increased the number of FP. 

In parallel, we evaluated three new opacitometer models by 
comparing them with the current standard device. Hence, we 
recommend the use of our improved opacitometer with certified 
components and electronic data storage, resulting in excellent 
sensitivity, stability and reproducibility.

Taken together, we successfully established the BCOP test, 
which is suitable to identify ocular corrosives and severe irri-
tants in our routine testing and for this purpose we developed 
a reliable opacitometer, the improvements of which are in line 
with TG437. 

A screening cascade was applied and GCs with a known at-
rophogenic potential were used as tool compounds. Five rodent 
and human cutaneous cell types / cell lines and two human skin 
equivalents were tested. Known and suspected atrophy markers 
related to collagen metabolism and epidermal thickness were 
measured. Altogether a compilation of seven different cellular 
assays with up to 16 markers each was investigated. 

A reproducible, more than 2-fold, regulation of the candi-
date markers by dexamethasone or clobetasol was found for: 
i) MMP1, -2, -3 and -9 expression in human keratinocytes, ii) 
COL1A1 and COL3A1 expression in 3T3 fibroblasts and iii) 
epidermal thickness, collagen and MMP synthesis in the full-
thickness skin model FtSM. these three models were further 
investigated with a panel of 4-5 GCs, demonstrating dose-

dependence and correlation with the atrophogenic potential of 
the tool compounds, qualifying the models as potentially suit-
able. Finally, the predictability of these models for the in vivo 
situation was analysed by testing a novel selective GC receptor 
agonist (SeGRA) in comparison to clobetasol. the results from 
the in vitro models suggested less atrophogenic activity for the 
SEGRA compound, which indeed was confirmed in the hr/hr rat 
skin atrophy model.

In conclusion, a combination of three in vitro models based 
on 3T3 cells, human keratinocytes and FTSM with several rea-
douts is recommended to determine atrophogenicity of GC re-
ceptor ligands. Further experiments are necessary to explore the 
possibility of reducing this panel and to demonstrate the true 
predictability for the clinic.
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Electrophiles are known for their potential to be significantly 
more toxic than baseline narcotics. This excess toxicity is caused 
primarily by covalent reactions with nucleophilic amino acid 
side chains, resulting in an impairment of protein functions. So 
far, there is no general model for predicting the level of reactive 
toxicity across different electrophilic compound classes. In this 
context, a way forward is to combine chemoassay data about 
chemical reactivity with bioassay data about excess toxicity in 
order to develop structural rules for discriminating excess-toxic 
compounds from narcosis-level toxicants.

In this work we present bioassay results for small heterocy-
cles with three or four ring atoms. to this end, the well-known 
growth inhibition assay with the ciliates Tetrahymena pyri-
formis was used in a slightly modified way. Comparison of ob-
served toxicities with associated baseline narcosis predictions 
(which in turn were derived from a respective regression model 

calibrated with a separate set of narcotics) led to the quantifi-
cation of the reactivity-driven toxicity enhancement (Te). The 
latter is defined as ratio between (predicted) narcosis level and 
observed toxicity. Accordingly, large Te values indicate a large 
Te and thus a correspondingly large excess toxicity. Analysis of 
the observed te values reveals systematic relationships with the 
heterocyclic ring size and with substituent effects. The resultant 
structural alerts can be used to screen respective heterocyclic 
compounds for their potential to exert excess toxicity.

Financial support from EU projects NOMIRACLE (contract 
No. 003956) and OSIRIS (contract No. 037017) is gratefully ac-
knowledged. Additionally, this study is kindly supported by the 
Helmholtz Impulse and Networking Fund through Helmholtz 
Interdisciplinary Graduate School for Environmental Research 
(HIGRADE).
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A major hurdle in preclinical drug testing is the lack of suitable 
in vitro models that allow the prediction of potentially toxic ef-
fects in humans. Furthermore, the availability of primary hu-
man hepatocytes for toxicity studies is limited by donor organ 
scarcity. there is general agreement that human-relevant data 
on hepatic drug toxicity can only be generated with cell systems 
that exhibit the full range of human liver-specific functions. Our 
group aims to generate hepatocyte-like cells from mesenchymal 
stem cells derived from human adipose tissue (Ad-MSCs). 

For hepatic differentiation several supplement combinations 
of 5-azacytidine, FGF-4, dexamethasone, nicotinamide, ITS, 
HGF and EGF were used for 18 days. Generated hepatocyte-
like cells were characterised regarding expression and activity 
of 8 different phase I and II drug metabolising enzymes. Pri-
mary human Heps were used as gold standard for every test. 

After differentiation, Ad-MSCs showed morphological features 
similar to primary human hepatocytes and also gained the ability 
to accumulate glycogen and express glucose-6-phophatase. To 
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investigate their metabolic ability urea- and glucose metabolism 
were analysed. Basal urea- and glucose production as well as 
NH4Cl metabolism rate were comparable to those of phHeps. 
After differentiation hepatocyte-like cells expressed phase I and 
II drug metabolising enzymes shown by Western blot and RT-
PCR. Furthermore, fluorescence-based screening of cytochrome 
P450 (CYP) isoforms shows comparable activities to phHeps. 
We could show inhibition of CYP1A1/2 and CYP3A4 by Vera-
pamil, Quercitin, and Nifedipin in both hepatocyte-like cells and 
phHeps. Both cell types also responded with cell death to DMSO 
and mercury (II) chloride and displayed metabolic-induced cell 
death upon caffeine, diclofenac and verapamil exposure. 

With our differentiation protocol we are able to generate a 
sufficient amount of Ad-MSC-derived hepatocyte-like cells. 
Furthermore, our cells express a large number of phase I and 
II drug metabolising enzymes with an activity of up to 80% of 
phHeps. From the data obtained from the inhibition study and 
toxicity tests we propose that these Ad-MSC-derived hepato-
cyte-like cells are well suited for alternative in vitro toxicity 
tests. therefore this test system provides a commercially and 

economically effective in vitro alternative to preclinical drug 
testing in animals, enabling more predictive studies on hepato-
toxicity in humans.

This work is supported by the BMBF grants: 01GG0732 & 
01GN0984
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Primary human hepatocytes (Heps) are used as gold standard 
for in vitro toxicity tests and drug screenings. Their availability 
is limited by donor organ scarcity and this raises the urgent need 
to find alternative cell sources. The aim of this study was to 
generate, with the help of epigenetic changes, Ad-MSC-derived 
hepatocyte-like cells with a high metabolic potential and to in-
vestigate their possible use as an in vitro toxicity test system.

Human MSCs were isolated from abdominal adipose tissue 
from patients according to the ethical guideline of the MRI. Af-
ter treatment with 5-azacytidine, epigenetic changes of the cells 
were analysed by measuring the global methylation status. Fur-
thermore, expression of pluripotency genes Klf4, Nanog, c-Myc 
and Oct4 was assessed by real-time PCR. For hepatic differen-
tiation, cells were treated with combinations of FGF-4, dexam-
ethasone, nicotinamide, ITS, HGF and EGF over a period of 

17 days. The expression and activity of different phase I and II 
drug metabolising enzymes was analysed by RT-PCR, Western 
blot and fluorescence-based activity assays. For hepatic char-
acterisation different markers like albumin, α-fetoprotein and 
CYP3A4 were analysed by RT-PCR. We measured the toxicity 
of different substances, e.g. DMSO, verapamil and caffeine on 
the generated hepatocyte-like cells with the help of Alamar Blue 
and sulforhodamine B staining assay. Heps were used as gold 
standard.

Use of 5-azacytidine decreased the global methylation status 
of the cells in a concentration-dependent manner. this led to 
an increased expression of the pluripotency genes up to two-
fold. throughout differentiation, Ad-MSC-derived hepatocyte-
like cells gained the ability to accumulate glycogen and express 
glucose-6-phophatase. Their basal metabolic activity, such as 
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urea and glucose production, was comparable to Heps. Hepatic 
markers like albumin and α-fetoprotein were detected in the 
hepatocyte-like cells at mRNA level. Moreover, a high expres-
sion of CYP3A7 and a low expression of CYP3A4 were de-
tectable. The differentiated hepatocyte-like cells expressed the 
investigated phase I and II drug metabolising enzymes. Thereby 
the expressions of CYP2E1, CYP2A6 and CYP2B6 reached up 
to 100% in comparison to Heps. Furthermore there was an en-
zymatic activity of CYP1A1/2 of up to 60%. The investigated 
phase II enzymatic activity of the CHC conjugation was com-
parable to Heps and reached up to 90%. Sufficient resorufin, 
AHMC and HFC conjugation could also be detected. Direct 

toxicity with the help of treatment with DMSO or HgCl2 and 
indirect metabolite-dependent toxicity with caffeine, verapamil 
and diclofenac generated eC50 values that were not significantly 
different to those gained with Heps. 

Our work shows that inhibition of DNA-methyltransferase 
leads to an initial cell dedifferentiation, which contributes to a 
better hepatic differentiation of Ad-MSCs. Generated hepato-
cyte-like cells express a large number of phase I and II drug me-
tabolising enzymes with activities up to 80% of Heps. Several 
hepatic markers could also be detected. the data obtained from 
the different toxicity tests propose that our cells are well suited 
for in vitro toxicity tests.

Keywords: epigenetics, adipose-derived mesenchymal stem cells, human hepatocytes, in vitro toxicity
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Oxidative stress can cause oxidative damage and this may trigger 
cell death if it is severe enough. In many in vitro studies oxidative 
stress is induced by using peroxides. The objective of the stud-
ies presented here was to characterise the relationship between 
oxidative stress and cell death in C6 glioma cells, especially re-
garding the role of concentration and exposure time when dif-
ferent peroxides are used. Furthermore, the influence of selected 
antioxidants should be investigated. Finally, the effects of bolus 
applications of H2O2 should be compared with those caused by 
continuous exposure by means of an H2O2 generating system.

C6 astroglioma cells were exposed to peroxides (hydrogen 
peroxide, cumene hydroperoxide (CHP) and tert-butyl hy-
droperoxide (t-BuOOH) in serum-free DMEM. The follow-
ing endpoints were studied: peroxide clearance (FOX assay), 
radical generation (H2DCF-DA), lipid peroxidation (TBARs, 
HPLC), total cell count (cell protein), apoptotic/necrotic cells 
(nuclear morphology), caspase 3-activity. 

All peroxides disappeared from the culture medium starting 
immediately at the beginning of exposure. The clearance kinet-
ics depended on exposure conditions (e.g. cell concentration) 
and the peroxide studied. Concomitantly, cellular radical gen-
eration was induced by all peroxides, leading to a continuous 
accumulation of ROS as indicated by the fluorescent H2DCF-
DA. In the case of the organic peroxides CHP and t-BuOOH, 
lipid peroxidation was initiated in parallel to radical generation. 
In contrast, H2O2 did not induce any lipid peroxidation. With a 
certain time delay, these early events were followed by a con-
centration and time-dependent induction of cell death by all per-

oxides, with H2O2 being less potent than organic peroxides after 
prolonged exposure times (≥ 24 h). Analysing nuclear morphol-
ogy (fluorescence microscopy) and caspase 3-activity revealed 
that peroxide-induced oxidative stress caused predominantly 
necrotic death. In a narrow window of low concentrations H2O2 
induced apoptosis in a small fraction of the cell population (5 to 
10%), while in case of the organic peroxides this fraction was 
even lower and hardly significant. The first apoptotic cells occur 
after 24 h. When oxidative stress was induced by continuous 
generation of H2O2 in the culture medium, essentially no in-
crease in apoptotic cells could be observed. Instead, starting at a 
certain rate of H2O2 production, all cells died by necrosis. Anti-
oxidants, like quercetin prevented the C6 cells from necrotic cell 
death induced by all peroxides without any effect on the fraction 
of apoptotic cells. In contrast, α-tocopherol was cytoprotective 
only against necrosis induction by the organic peroxides, not 
by H2O2. Concomitantly, it increased the fraction of cells dying 
by apoptosis. In other words, in a certain population of cells, 
α-tocopherol was able to switch the mode of peroxide-induced 
death from necrotic to apoptotic. 

Taken together, peroxides, in general, induce oxidative stress 
in C6 cells. However, the stress-induced effects differ between 
the peroxides and are quantitatively and qualitatively depend-
ent on the concentration and exposure time. In general, at least 
in C6 cells, oxidative stress induced by peroxides causes pre-
dominantly necrotic death. the relatively small fraction of cells 
undergoing apoptosis can be increased by antioxidants like 
α-tocopherol.

Keywords: radical generation, lipid peroxidation, apoptosis, necrosis, antioxidants
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Human poisoning due to ingestion of seafood contaminated by 
algal toxins is a worldwide problem. The monitoring of phyto-
plankton and phycotoxins is required in shellfish production sites 
to avoid food-safety problems. In Europe, the mouse bioassay 
is the official reference method for lipophilic biotoxins, but al-
ternative methods based on analytical and in vitro approaches 
have been developed for a few years. Okadaic acid (OA), di-
nophysistoxins (DTXs) and azaspiracids (AZAs) are diarrheic 
shellfish toxins, whereas pectenotoxins (PTXs) and yessotoxins 
(YTXs) have been recently excluded from this group due to the 
absence of diarrheic effects in vivo (Aune, 2002; Rossini and 
Hess, 2010). In this study, we investigated whether diarrheic 
versus non-diarrheic lipophilic toxins can be detected by a cell-
based assay. 

Cytotoxicity of four phycotoxins (OA, AZA1, PTX2 and 
Ytx) was investigated in two intestinal cell models (entero-
cyte-like Caco2 cells and mucus-secreting-like Ht29-Mtx 
cells; Lesuffleur, 1990) with the neutral red uptake assay. Undif-
ferentiated and differentiated cells were exposed for 48 h before 
IC50 determination. 

the cell differentiation induced a decrease in the global sen-
sibility to phycotoxins and HT29-MTX appeared more sensitive 
than Caco2. Whereas IC50 values for OA obtained on undiffer-
entiated and differentiated Caco2 were significantly different 
(p<0.001) (45 ±17 nM and 294 ±49 nM respectively), similar 
cytotoxicity was obtained on HT29-MTX (IC50 = 55 ±6 nM 
and 98 ±38nM respectively). Important differences in the cy-
totoxic response to AZA1 were observed between the two in 
vitro models. In Caco2 cultures, AZA1 induced morphological 
alterations but without or with only a slight effect on cytotox-
icity, as previously described by Hess et al. (2007). However, 
important cytotoxicity was observed after HT29-MTX expo-
sure to AZA1 (IC50 = 3 ±0.4 nM for undifferentiated cells and  
14 ±4 nM for differentiated cells). Cytotoxic effects of  
PTX2 were similar on undifferentiated cells whatever the  
cell type: HT29-MTX (IC50 = 152 ±26 nM) and Caco2 (IC50 = 
118 ±17 nM). These values increased (x2 to 3) for differenti-
ated cells (324 ±45 nM for HT29-MTX and 386 ±190 nM for 

Caco2). Exposure to YTX induced few cytotoxic effects in 
Caco2; even if calculated IC50 were low (5 ±3 nM and 26 ±15 
nM on undifferentiated and differentiated Caco2), only half of 
the population responded to YTX. No cytotoxicity was obtained 
on differentiated HT29-MTX cells exposed to YTX compared 
to undifferentiated cells (IC50 = 140 ±68nM). All these results 
indicate that mucus-secreting Ht29-Mtx are more sensitive 
to diarrheic phycotoxins (OA + AZA1) than to “non-diarrheic” 
phycotoxins (PTX2+YTX), whereas no difference in cytotox-
icity between the two types of toxins could be detected with 
Caco2. Further investigations will be performed to study the 
cellular response considering markers involved in diarrhoea 
such as mucins and interleukins, as previously published with 
bacterial lipopolysaccharide (Huang et al., 2003; Smirnova et 
al., 2003). 
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the system for creating and publishing chemical safety infor-
mation was well developed in the former Soviet Union. De-
spite that, valuable toxicological data published in the Russian 
language have remained non-cited in recent scientific papers, 
except when these were the only information sources available 
concerning a particular compound. Currently, the access to this 
information is limited due to the language barrier as well as the 
low level of digitalisation of respective journals and books.

As this information can be beneficial for the EU chemical 
policy ReACH, we have mapped the main publicly available 
sources of toxicity data published in the Russian language. The 
search was performed mainly via publicly available internet 
sites and Russian peer-reviewed literature (books, journals, 
PhD dissertations, scientific reviews). More detailed informa-
tion can be found in Sihtmäe et al. (2009). As a result, a new 
OpenAccess online database E-SovTox (http://kbfi-databases.

eu/database/) was established, which provides toxicological da-
ta for ReACH-relevant chemicals. Registered users can check 
the original abstract and full text of the original published work, 
as well as an english translation of the abstract and validate the 
data. the database has been created using php and SQl and it 
shall be opened to the public in 2010.

This research is part of the EU 6th Framework Integrated Project 
OSIRIS (contract no. GOCE-ET-2007-037017). We dedicate 
this presentation to our colleague involved in this work, Prof. 
Henri-Charles Dubourguier, who passed away recently.
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To predict the toxic potential of industrial chemicals and phar-
maceutical products on human bone development, rodent and 
non-rodent (e.g. rabbits) in vivo models are commonly used. 
The assessment of osteogenic toxicity in the embryo is inte-

grated into the OECD testing guideline #414, which covers pre-
natal developmental toxicity. In experiments using rodents, one 
half of the litter (approximately 450 animals per test substance) 
is sacrificed for the examination of skeletal damage. In addi-
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In the adult human body a number of mesenchymal stem/pro-
genitor cell (MSC) niches are present, all showing a unique self-
renewing and multipotent behaviour. the best-characterised hu-
man source is the bone marrow. Due to a low isolation yield 
of multipotent cells and a risky isolation procedure, alternative 
supplies have been sought. Promising and readily available re-
sources are human adipose tissue stem cells (hADSC), which 
can be easily obtained in large quantities from plastic surgery 
waste material. Current hurdles, however, are the lack of stand-
ardised isolation protocols and large-scaled growth procedures. 
Indeed, classical isolation protocols, and particularly those 
based on the adhesive character of MSC, result in heterogene-
ous cell populations of MSC, fibroblasts and other cell types, all 
undergoing growth-dependent senescence.

In the present study, we therefore searched for efficient iso-
lation and expansion protocols in terms of differentiation effi-
ciency and up-scalability. Hereto, novel 1D and 3D techniques 
were developed. A rating scale was assessed by comparison 

of growth characteristics (growth rate, homogeneity/hetero-
geneity) and phenotypic profiling of both undifferentiated and 
meso-, endo- and ectodermal-directed cells. the trilineage dif-
ferentiation potential was investigated upon exposure to various 
(non-) commercially available differentiation formulations, i.e. 
two commercial neural media (Lonza, Stem Cell technologies), 
five commercial keratinocyte media (CellnTec, Epilife), three 
fine-tuned commercial adipocyte media and second “in house” 
prepared sequential hepatic differentiation media. Special atten-
tion was paid to their efficiency to induce lineage-specific dif-
ferentiation and maturation. 

this work was supported by grants from the Fund for Scien-
tific Research (FWO) Vlaanderen, Belgium; BruSTEM, Brus-
sels, Belgium; the European Union Sixth Framework Program 
(STREP project no. 037499 LIINTOP); and the European Un-
ion Seventh Framework Program (IP project no. FP7-201619 
ESNATS).

Keywords: adult stem cells, in vitro model, multipotency, upscaled technology

tion to the high number of laboratory animals required, these in 
vivo studies are costly and time-consuming. Until today, there 
is no validated in vitro test to assess developmental bone toxic-
ity. Therefore, current work at ZEBET in the frame of a joint 
project, funded by the German Ministry for education and Re-
search (BMBF), focuses on the development of a robust assay 
with the capacity to predict osteotoxicity in the embryo. 

embryonic stem cells are pluripotent cells which can differ-
entiate into a multitude of diverse cell types. their capacity for 
unlimited self-renewal together with their ability to faithfully 
recapitulate early developmental programmes in the embryo in 
vitro makes them an extremely attractive model for embryonic 
toxicity studies.

Crucial stages during osteogenesis involve the sequential 
expression of a tightly regulated set of molecular markers and 

the mineralisation of the extracellular matrix. We are currently 
assessing whether any of these markers can serve as a predic-
tive endpoint to assess bone toxicity using a diverse range of 
molecular biological methods, e.g. real-time PCR, Western blot, 
flow cytometry, Fourier transform infrared spectroscopy (FTIR) 
and cytochemical staining. Mouse embryonic stem cells (line 
D3) are currently employed as a model system to study osteo-
genesis. As a next step this approach will be expanded to other 
cellular systems including stem cells from rhesus monkey, hu-
man iPS cells as well as human mesenchymal stem cells.

the applicability of the different molecular markers and the 
morphological approach depending on the method is discussed 
regarding their potential as toxicological endpoints.

Keywords: bone development, embryonic stem cells, in vitro test method, toxicological endpoints
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Conventional approaches to toxicity testing and risk assessment 
are often decades old, costly and low-throughput, and of dubi-
ous relevance to humans. these factors have prompted leading 
scientific bodies to call for a transition to a 21st century par-
adigm, including a move away from apical outcomes at high 

doses in whole animals and toward a mechanistic understanding 
of the source-to-outcome continuum between xenobiotic expo-
sure and adverse health effects. Such a shift will require a robust 
understanding of the cellular response/toxicity pathways that 
can lead to adverse effects when perturbed, appropriate in vitro 

The use of experimental animals in reproductive toxicity testing 
is critically reviewed on the occasion of the 50th anniversary of 
the publication of the three Rs concept by Russell and Burch, 
since there is major concern that the use of experimental ani-
mals will significantly increase due to the requirements of the 
eU Registration, evaluation, Authorisation and Restriction of 
Chemicals (ReACH) system. A comparison of the test guide-
lines for drugs, agrochemicals and industrial chemicals shows 
that, for historical reasons, significantly different testing strate-
gies are applied. 

the current status of development and validation of in vitro 
tests in reproductive toxicology is also critically evaluated. The 
mouse embryonic stem cell test (meSt) is the most advanced 
and promising of the in vitro tests. Although it has not yet been 
accepted for regulatory purposes, its use in preclinical drug de-
velopment is well established. Moreover, promising molecular 
endpoints have been established in the meSt, including pro-
teomic and toxicogenomic endpoints. To date only preliminary 
results have been obtained with a human eSt (heSt). 

In addition, an overview will be given on new in vitro re-
productive toxicity tests that are currently being developed in 
relation to the EU FP6 project ReProTect, since the ReProTect 
test battery, which covers the essential steps of female and male 

fertility, implantation and embryotoxicity, holds promise for use 
as a screening assay for reproductive toxicity testing according 
to the eU ReACH legislation. However, since validated in vitro 
methods will not be available in the short term, opportunities 
for the refinement of the standard in vivo tests are discussed 
in order to reduce the number of animals used in reproductive 
toxicity testing. 

Finally, recommendations for toxicity testing in the 21st cen-
tury call for the harmonisation of test methods across all areas 
of regulatory testing as a first step. Since the REACH system 
testing framework for industrial chemicals is driven by the re-
productive safety testing requirements of agrochemicals, a shift 
is proposed to exposure-driven testing of industrial chemicals. 
In particular, the implementation of a new “extended one-gen-
eration reproductive toxicity study” (EOGRTS), which includes 
triggers for additional testing for fertility, developmental neu-
rotoxicity and immunotoxicity, would significantly reduce test 
animal numbers. 

It is concluded that in vitro methods hold great promise for 
reproductive toxicity testing in the 21st century, e.g. the RePro-
tect in vitro battery and embryonic stem cell (eSC) technol-
ogy focusing on molecular endpoints in both the meSt and the 
heSt.
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Regulative acceptance of organotypic in vitro assays for eye irrita-
tion testing was an important step to reduce animal tests applied for 
evaluating the ocular irritation and corrosion potential for regula-
tory purposes. Today, the use of the accepted methods – namely the 
Bovine Corneal Opacity and Permeability (BCOP) assay as well as 
the Isolated Chicken Eye (ICE) test – is limited to the identifica-
tion of ocular corrosives and severe irritants within a tiered-testing 
strategy. Negative results still have to be confirmed by animal tests. 
therefore, improving the sensitivity of the organotypic in vitro as-
says for eye irritation testing will directly result in further reduction 
of the severity of harm to laboratory animals and the number of 
necessary time- and cost-intensive animal tests by reducing false 
negative results within the preceding in vitro test. 

In order to achieve this goal, the here introduced Ex Vivo Eye 
Irritation Test (EVEIT) pursues two objectives in striving for 
higher sensitivity: First, enucleated eyes are replaced by corneal 
cultures and second, process monitoring is enhanced from static 
endpoint analysis to in-time dynamic observation using optical 
coherence tomography. 

The EVEIT is based on living rabbit corneas from animals 
slaughtered for food production in long term culture (Frentz et 
al., 2008). This allows for in vitro observation of the metabolic 
stability of the living organ over several days, including the eval-
uation of recovery after e.g. chemical trauma. Optical coherence 
tomography enables in situ monitoring of the area and depth of 
structural damage and the progress of healing over time (Spöler 
et al., 2008). It also allows detection of the amount of endothelial 

damage and is therefore an ideal analytical tool for the intended 
test platform. Additionally, endpoints covered by the established 
organotypic in vitro assays, i.e. corneal opacity and corneal swell-
ing, can be quantitatively analysed by OCT. Epithelial permeabil-
ity is accessed within the EVEIT by fluorescein staining. 

First experiments using the EVEIT to evaluate ocular irritation 
of a wide range of chemical substances are presented. These ex-
periments demonstrate that a detailed analysis of structural dam-
age and the progress of healing during several days is a sensitive 
tool to identify ocular irritants that are not accessible using orga-
notypic in vitro assays based on freshly enucleated eyes. 

Thus, these results suggest that the EVEIT is a promising tool 
to improve eye irritation testing with a considerably reduced 
need for animal experiments. 
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systems to study chemical interactions at key targets along a 
pathway, and computational systems biology models to describe 
the “circuitry” underlying each pathway as a basis for creating 
biologically realistic dose-response models. 

The AXLR8 project aims to support the transition to a toxicity 
pathway-based paradigm for quantitative risk assessment and 
will: 1) organise a series of annual workshops to map research 
progress, gaps and needs in the FP6/FP7 programme on alterna-
tive testing strategies; 2) provide a range of tools and opportuni-
ties for enhanced interdisciplinary and international communi-

cation, coordination and collaboration in order to maximise the 
impact of available resources; 3) work to streamline regulatory 
acceptance procedures to provide for the uptake of validated 
3Rs methods, including a smooth transition to 21st century sys-
tems as they become available and 4) produce annual progress 
reports on the state of the science, including recommendations 
on priority research and funding targets in order to ensure a 
prominent role for european science in this rapidly developing 
global research area.

Keywords: AXLR8, EU DG RTD funding, in vitro toxicology, toxicity testing in the 21st century
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the murine embryonic stem cell test (eSt) represents a vali-
dated in vitro method to test the embryotoxic potential of 
chemicals. A limitation of the classic eSt is that compounds 
needing to be metabolically activated in order to be embryo-
toxic are not detected as such. In the present study a meta-
bolic activation system was coupled to the eSt with the aim of 
improving its performance, and the two compounds tested in 
a first step were the well-known proteratogens cyclophospha-
mide (CPA) and valpromide (VPD).

Metabolic activation was performed by first incubating the 
compound of interest with freshly isolated murine or human 
hepatocytes. thereafter, the supernatants were included in the 
eSt, whereby a cell culture medium that could be used for 
the incubation step as well as for the eSt was developed. the 
quantification of the substances prior to and after incubation 
was performed by gas chromatography (GC) coupled with 
mass spectrometry (MS).

It could be shown that CPA led to a concentration-dependent 
increase in embryotoxicity with and without a preceding meta-
bolic activation, whereby CPA was 70 times more potent if it 
was metabolically activated. GC/MS analysis revealed that the 
degree of CPA metabolisation by murine hepatocytes paralleled 
the increase in the magnitude of the embryotoxic effect of CPA. 
In contrast, VPD was negative when tested in the EST, whereby 
the preceding incubation of VPD with murine hepatocytes had 
no influence on the outcome of the EST. In accordance with 
this result a subsequent GC/MS analysis showed that hardly 
any VPD metabolites were formed when incubating VPD with 
murine hepatocytes. On the other hand, the incubation of VPD 
with human hepatocytes led to a significant conversion of VPD 

into the teratogenic metabolite valproic acid. An eSt with the 
supernatant derived from the incubation of VPD with human 
hepatocytes remains to be performed.

In the present study the successful combination of the conven-
tional eSt with a metabolic activation system has been described 
for the first time. In a first step two compounds were tested. In 
the next step a validation of the presented approach by testing a 
greater number of test chemicals will have to be performed. Due 
to species differences in the bioactivation of a number of prot-
eratogens, further optimisation of the test system taking human 
metabolism into account is needed. Furthermore, a modification 
of the eSt protocol in terms of generating embryonic bodies 
other than by the classic “hanging drop” method or exposure to-
wards the test compounds from day 3 to 10 would make a direct 
co-cultivation of metabolically competent and eS cells possible. 
Hence, although not all difficulties have been circumvented, the 
developed test system shows that the coupling of a metabolic 
activation system to the eSt is principally possible.

This study was carried out with the financial support from 
the European Union Integrated Project ReProTect, LSHB-CT-
2004-503257.
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Both under the current Directive 91/414/EEC and the new Regula-
tion (EC) No 1107/2009 concerning the placing of plant protection 
products on the market, a full risk assessment covering all possible 
adverse effects of active substances is required. While the Pesti-
cide Risk Assessment Peer Review Unit (PRAPeR) is organising 
the peer review of these risk assessments, EFSA’s Panel on Plant 
Protection Products and their Residues (PPR) provides scientific 
advice on specific questions and is in charge of drafting guidance 
documents and exploring new approaches in the field. 

Regulation (EC) 369/2005 on maximum residue levels of 
pesticides in food requires the assessment of possible cumula-
tive and synergistic effects of pesticide residues in food once 
appropriate methodologies are available. Currently there are 
no eU wide accepted methods for cumulative risk assessment. 
Health risks of pesticides are solely addressed on bases of indi-
vidual compounds.

Therefore, in a first scientific opinion, the PPR Panel evalu-
ated relevant existing methods based on which principles and 
methodologies for assessing risks of two or more pesticides in 
combination were established (EFSA, 2008). 

In a second opinion these methodologies have been tested on 
a selected group of pesticides in order to find out whether or not 
they can also be applied in practice (eFSA, 2009). 

Currently the PPR Panel is working on a third opinion iden-
tifying pesticides that can, based on their structure and effects, 
be grouped together for cumulative risk assessment. this opin-
ion, completing the work on cumulative risk assessment, will be 
published at the end of 2011. 

The OECD (2006) suggests the evaluation of the toxicity 
of pesticide metabolites to the best extent possible. However, 

within the peer review of pesticides, usually only the toxicologi-
cal properties of active pesticidal substances are fully investi-
gated in experimental studies, although often a number of plant/
animal metabolites are identified in foodstuffs. Their toxicity is 
normally insufficiently assessed, since comprehensive experi-
mental testing is not feasible due to their sheer number.

In order to be able to provide a guidance document on the as-
sessment of metabolites in foodstuffs, the PPR panel is currently 
working on an opinion in which non-testing methods are evaluated 
for this purpose. Explored are the applicability of (Q)SAR models, 
the “threshold of toxicological concern” (TTC) concept and the 
identification of certain metabolic pathways leading to changes in 
the toxicity profile of molecules. The opinion should be published 
in 2011, the resulting eU guidance document in 2012.
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Up to now there is a wide range of alternatives for animal tests, 
whereas there is no such alternative for research in the field of 
test substances applied to the respiratory system. Based upon 

a novel active lung model, the developments required to allow 
application of this model in the area of respiratory research are 
presented. 
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the currently realised lung model is able to simulate spontane-
ous breathing and ventilation processes. A good approximation 
to physiologically realistic properties is reached by using real, 
preserved pig lungs. Several limitations affect the application of 
this model as an alternative used in routine practice. By utilisa-
tion of isolated lungs, which must be kept alive artificially, the 
inner structure of real organs can be represented very well. On 
the one hand the supply of the lungs and on the other hand the 
size of these has to be considered when adapting the artificial 
nutrition of the organ. this regards not only the nutrition of the 
tissue with blood or blood replacement fluids, but also sufficient 
ventilation and controlled and regulated temperature and humid-
ity conditions. At the moment only the ventilation is sufficiently 
optimised. In addition it is necessary to communicate with the 
provider of the pig lung, for example the slaughterer, to ensure 
that the lung is taken out without damaging the structure or the 
tissue. In order to perform concentration measurements on lung 
tissue that has been exposed to harmful substances, preparation 
and analysis of histological slices is necessary. the analysis 
may be realised with mass spectroscopic methods on which our 
cooperation partner, the “tU Vienna”, is currently working. 

In conclusion, analysis of the impact of the applied substances 
on a cellular basis has to be reviewed. For this only infrastruc-

tural requirements have been created so far, but the University 
of Innsbruck has experience in that area. The examination of 
applied particles should not be limited to chemical analysis, as 
the reactive properties of substances are influenced by their size 
and geometry. For detection of these structures the cooperation 
partner “University Vienna” has developed a multibeam single-
particle spectrometer, which has to be further enhanced in order 
to integrate it into the lung model system. 

For statistical, representative results several models have to 
be simulated in parallel. In order to achieve that a stand-alone 
embedded or an external master (PC) – slave solution has to 
be implemented. For this the labView user interface is running 
as master on a laptop and signals are transmitted via Bluetooth 
to the slave integrated in the model. Communication between 
the models and the triggering has to be up to date for a parallel 
simulation. 

In the current lung model the physiological breathing of hu-
mans is well reproduced. Despite enhancements are distinctions 
to real physiological breathing patterns realisable. the present-
ed, planned developments of the current model will allow ex 
vivo tests with respiratory background, which then can actually 
contribute to a reduction of test animal numbers.

Keywords: artificial lung model
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Proposals for revising the principal United States law governing 
industrial chemicals, the Toxic Substances Control Act (TSCA), 
are currently under consideration in the US Congress, and some 
version of legislation is likely to be passed in the near future. 
At the same time a desire to move away from current testing 
methods for ethical, scientific, and practical reasons has led to 
multi-million dollar investments in in vitro and computational 
toxicology methods and programs. Such investment has been 
endorsed by multiple scientific bodies, most comprehensively 
by the US National Academies of Science in its 2007 report, 
Toxicity Testing in the 21st Century: A Vision and a Strategy. 
legislative language has the potential to endorse this transition 
and facilitate its fruition, or conversely enshrine in vivo test-
ing methods and concepts for the foreseeable future. Addition-
ally, legislative language and subsequent regulations have the 

potential to affect the numbers of animals killed in toxicity tests 
in the near term. there are a number of strategies and incen-
tives that, used effectively, can reduce the overall number of 
animals who will be killed in tests required by new legislative 
mandates, while strengthening environmental and human health 
protections. We examine legislative and regulatory options for 
tSCA reform and their potential impacts on animal use and test 
method innovation, and the likelihood that such options will as-
sist policymakers in successfully achieving desired legislative 
objectives, such as providing more information on potential 
chemical risks for a greater number of chemicals. Analyses like 
these are essential to judiciously select policies that reduce the 
use of animals in toxicity testing and protect human health and 
the environment.

Keywords: TSCA, industrial chemicals, testing strategy
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Research into and development of computational and cellular 
toxicology testing methods is reaching unprecedented levels 
worldwide. In particular, scientists and regulators in the United 
States have begun to pursue a “paradigm shift” in the field of 
toxicology, spurred by ethical and legislative pressures, dissat-
isfaction with animal-based test methods, the need for better 
risk assessment tools, and advances in molecular and cellular 
biology. to communicate and accelerate advancements which 
reduce and replace the use of animals in toxicity testing, North 
Americans have formed a new scientific society. 

the American Society for Cellular and Computational toxi-
cology (ASCCt) aims to provide an organized forum for dis-
cussion of in vitro and computational toxicology approaches, 
especially as replacements for animal-based toxicology meth-
ods. through regular meetings and activities, the Society will 
facilitate the development, acceptance and routine use of cellu-
lar and computational methods with open dialog between indus-
try, academic, advocacy, and regulatory scientists. the Society 
will strive to include the participation of young scientists to pro-
mote their contributions to the field.

An essential activity of the ASCCt will be regular meetings 
where scientists from a variety of fields can share develop-
ments. It is expected that interaction among scientists from the 
cosmetics, pharmaceutical, and chemical industries, regulatory 
agencies, and advocacy groups will provide diverse experiences 
and perspectives that are essential to a successful future for toxi-
cology.

A key mission of the ASCCt will be to increase the routine 
application and use of computational and in vitro methods for 
prioritization, classification, and risk assessment purposes. 
North American government agencies, such as the US envi-
ronmental Protection Agency, the National Institutes of Health, 
and Health Canada have committed resource and operational 
support to promoting nothing short of a paradigm shift in toxi-
cology. Cooperation and coordination among scientists from 
cellular, molecular, and computational disciplines will not only 
complement, but will be essential to, such a shift. Please join us 
in making the ASCCT the seminal scientific society for tomor-
row’s toxicology.
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A collagen vitrigel membrane we previously developed is com-
posed of high density collagen fibrils equivalent to connective 
tissues in vivo and is easily handled with tweezers. It possesses 
excellent transparency and permeability to protein with high 
molecular weight and consequently the various research appli-
cations utilising it as a cell culture substratum are advancing 
well (takezawa et al., 2007a, 2007b, 2007c, 2004). We then es-
tablished a reconstruction method for rabbit corneal epithelium 
by culturing normal rabbit corneal epithelial cells on the col-

lagen vitrigel membrane substratum and inducing differentia-
tion to form multilayers (takezawa et al., 2010). However, to 
estimate eye irritation and permeability of chemicals in humans 
it is necessary to reconstruct a corneal model with barrier func-
tion utilising human cells. 

In this study, as a first step, we aimed to establish a recon-
struction method of human corneal epithelium with barrier 
function utilising both a human corneal epithelium-derived cell 
line (HCe-t) and the collagen vitrigel membrane substratum. 
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Human-related cellular systems (e.g. primary human hepato-
cytes (PHH) or stem-cell derived hepatocytes) are promising 
alternatives to today’s animal testing methods for drug toxicity. 
The BMBF-funded HepaTox project aims at the identification 
of biomarkers for hepatotoxicity, characterising primary human 
hepatocytes in a 3D-hollow fibre bioreactor (Gerlach, 2003) by 
systems biology approaches, namely metabolomics and pro-
teomics. toxicoproteomics is a valuable and an exciting horizon 
to preclinical drug testing (Amacher, 2010; Bandara, 2002).

PHH were cultivated either in a 3D-hollow fibre bioreac-
tor or in conventional cell culture flasks and secreted proteins 
(“secretome”) were investigated by MAlDI-tOF-MS/MS after 
trypsin digestion and nano-HPlC separation of tryptic peptides. 
Proteins were identified by database search (SwissProt) using 
the MASCOt algorithm. Albumin concentration in the culture 
medium was determined via ELISA specific for human albumin 
(Albuwell II, exocell, Philadelphia; USA). High abundant pro-

teins (albumin, transferrin, haptoglobin and antitrypsin) were 
depleted using a commercially available antibody-based spin 
cartridge (Hu-6 multiple affinity removal spin cartridge, Agi-
lent, USA).

the use of foetal bovine serum (FBS) for seeding and main-
tenance of PHH proved to be a big obstacle, because secreted 
proteins were masked by their bovine equivalents. In 2D-cul-
ture, immunodepletion of four high abundant proteins was per-
formed, leading to the identification of several low abundant 
proteins that were not identified reliably without immunodeple-
tion. Furthermore, the effect of a therapeutic concentration of 
amiodarone on albumin produced by PHH in the bioreactor was 
tested in FBS free conditions. Albumin secretion was signifi-
cantly reduced, but this effect was reversible upon withdrawal 
of the drug within a few days. 

the results demonstrate that FBS should not be used when 
attempting identification and quantification of an extracellular 

Further, to confirm the utility of the human corneal epithelium 
model, the changes of its barrier function induced by exposing 
it to eye-irritant chemicals were measured.

HCe-t cells purchased from RIKeN cell bank (tsukuba, Ja-
pan) were seeded on the collagen vitrigel substratum and cul-
tured for 2 days to confluence. Subsequently, the reconstruction 
of a corneal epithelium model was started by culturing it on 
air-liquid interface to induce cell differentiation for multilayer 
formation. the corneal model in the reconstruction process was 
analysed histologically by light microscopy of cross-sections 
stained with hematoxylin and eosin. Also, the formation of its 
barrier function was analysed by measuring transepithelial elec-
trical resistance (teeR). Further, time-dependent changes of 
teeR after exposure to chemicals (NaOH, etOH, tween 20, 
etc.) were measured.

HCe-t cells proliferated well on the collagen vitrigel sub-
stratum and gradually differentiated into multilayers in air-liq-
uid interface culture, resulting in a time-dependent increase of 
TEER. The corneal epithelium model possessing five cell layers 
was well reconstructed after one week of culture at the air-liquid 
interface. the exposure of chemicals to the model induced time-
dependent changes of teeR in response to the characteristic of 

each chemical. these results suggest that eye irritant chemicals 
could be estimated by the barrier function of the reconstructed 
human corneal epithelium model.
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ReACH – the eU’s new legislation relating to the Registration, 
evaluation and Authorisation of Chemicals entered into force in 
2007 after many years of negotiations. The first deadline for the 
registration of chemicals produced in excess of 1,000 tonnes or 
already classified as very toxic is Dec 2010. The next deadline 
is 2013 for chemicals produced in excess of 100 tonnes. Regard-
less of the animal protection measures within the legislation, 
recent estimates of the numbers of animals that could be used 
under ReACH range from 8 to 54 million, both truly staggering 
figures. 

In this presentation we explore and update on the various is-
sues that remain for the animal protection movement during the 
implementation of ReACH. these issues include the lack of 
enforcement of “testing as a last resort” and inadequate mecha-
nisms at either Member State or Commission level for the assess-
ment of the proper use of validated alternatives. Since ReACH 
was written a number of alternatives have been validated and 
it is important that industry are instructed to use these. Recent 
updates on the test Methods and eCHA guidance – the agency 
responsible for REACH – that can provide scientifically valid 
ways to avoid animal use will be presented and evaluated. 

Another big issue is the testing proposal facility whereby the 
animal-heavy test endpoints for the high tonnage chemicals are 
proposed rather than conducted. Interested parties have 45 days 

to submit evidence or existing data to help waive the testing. 
the european Coalition to end Animal experiments (eCeAe), 
one of the key lobbying organisations in europe on the issue of 
animal testing, have resourced a team of toxicologists to utilise 
the testing proposal system. We have developed a methodology 
for monitoring the proposals, prioritising them, searching for 
existing data using public databases and finally presenting argu-
ments based on existing data, physico-chemical properties and 
exposure. Here we present our findings on how effective inter-
ested parties can be at serving the testing proposal facility from 
the early stages of ReACH in an attempt to ensure that lessons 
are learned before the workload really starts to increase post the 
Dec 2010 deadline. 

One of the problems already encountered by NGOs who 
are working on REACH implementation is confidentiality and 
transparency at eCHA. there has been a slow start to important 
decisions on how to evaluate confidential business claims by 
registrants. this has not only an effect on the ability of observ-
ers at eCHA to monitor decisions by Member States but also on 
those attempting to respond to testing proposals. Problems in-
clude the lack of information on substance identity and existing 
data. Finally, the eCeAe have joined others in asking academia 
to help reduce animal use by facilitating access for registrants to 
existing data in the form of robust study summaries.

proteome. toxicoproteomic analyses in 3D bioreactors need 
further optimisation, because even the use of only 2.5% FBS 
resulted in masking of the proteins secreted by PHH. High 
abundant proteins secreted by PHH, like albumin, increase the 
dynamic range of the secretome, hampering the identification 
of (probably more interesting) low abundant proteins. this dif-
ficulty could satisfactorily be overcome in 2D-culture by im-
munodepletion of abundant proteins. Despite these challenges, 
proteomics offers a potential for the dynamic study of changes 
at the protein level due to drug-induced liver injury (DIlI), es-
pecially using (semi-) quantitative techniques.
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At present, the identification of potentially sensitizing chemi-
cals is mostly carried out using animal models, such as the lo-
cal lymph node assay (llNA) and the Guinea pig assays (the 
Guinea pig maximisation test (GPMt) and Buehler’s test). the 
eU Framework Program 6 funded the Sens-it-iv project, aiming 
at developing in vitro assays to identify and classify sensitizing 
agents. Results from this project have indicated the NCtC2544 
activation assay and the epidermal equivalent (EE) potency as-
say as promising in vitro alternatives. this project aims to pre-
validate the combination of these two assays in an in vitro two-
tiered test strategy to identify and rank sensitizing potential of 
chemicals.

The first tier in the strategy determines the production of in-
tracellular Il-18 by human-derived NCtC2544 keratinocytes 
and indicates the potential of a chemical to induce sensitization. 
the second tier in the strategy determines the viability and the 
production of IL-1α in a human reconstituted epidermal model 
as a measure of potency of a sensitizer. the project consists of 

three phases: Phase 1: Assessment of reproducibility and trans-
ferability (6 months); Phase 2: Pre-validation assessment and 
preliminary predictive capacity (15 months); Phase 3: Data 
evaluation; statistics and implementation (3 months).

the ring trial includes 5 different laboratories that are testing 
a panel of known encoded chemicals. eCVAM is involved as 
advisor throughout the duration of the project and tNO is com-
missioned to dissolve, encode and distribute the chemicals. the 
involved laboratories are directly responsible for setting up the 
assays in Sens-it-iv or have experience with setting-up and pre-
validating assays.

the outcome of this project will contribute to the replace-
ment and reduction of animals used for sensitization testing. 
the number of animals needed to comply with ReACH legisla-
tion is estimated to be around 1 million for sensitization testing 
alone, whereas for testing of sensitization of cosmetics animal 
testing is banned completely in the eU from 2013. 

Keywords: skin sensitisation, skin models
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The aim of the work is the early identification of preventable 
risk factors connected with the consumer use of products of 
everyday use, such as cosmetic products, toys and children’s 
products, and other materials intended for contact with human 
skin. the risk factor is represented by substances with irritation 
potential and subsequent possible sensitisation, resulting in a 
negative impact on human physical and psychical health with 

social and societal consequences. The legislation for cosmet-
ics, chemical substances and other products requires for hazard 
identification the application of alternative toxicological meth-
ods in vitro without the use of animals. 

We used a battery of in vitro alternative assays based on cell 
culture (tomankova et al., 2009a). Progressive methods of mo-
lecular biology, based on fluorimetry and fluorescence, were 
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employed for identification of early morphological and func-
tional changes on cellular level (tomankova et al., 2009b). the 
four pigments frequently used in cosmetics (P-WS caramel, 
chlorophylin, Unicert Red K 7054-J and Unicert Red K 7008-J) 
were tested on the cell line NIH3T3 (mouse fibroblast cell) with 
and without a 5 J/cm2 dose of UV irradiation. Fluorescence 
methods for cell damage study using fluorescence probes can 
offer results for cell viability and cytotoxicity of adherent cells 
and may be used for reconstruction of organ models. We de-
tected intracellular production of ROS with the molecular probe 
CM-H2DCFDA, which is primarily sensitive to the increased 
production of hydrogen peroxide or some of its downstream 
products. Toxicity effects on cellular level were identified by vi-
ability tests, where the live cells reduce yellow, soluble 3-[4,5-
dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide (Mtt) 
to insoluble formazan crystals. the reaction was performed on 
mitochondrial membranes of living cells. the type of cell death 
was determined by an apoptosis detection kit. 

Cytotoxicity tests revealed health risks for chlorophylin and 
Unicert Red K 7054-J use.

 
this work was supported by the Ministry of Health 
NS9648-4/2008, Ministry of education of the Czech Re-
public MSM 6198959216 and GACR 303/09 H048 and 
CZ.1.05/2.1.00/01.0030.
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Animal experimentation, besides being a research method ap-
plied in scientific knowledge production, is also considered 
essential to science and with undeniable historical relevance in 
the progress of human health conditions. In this survey, a ques-
tionnaire was applied to a group of researchers with research 
based on non-animal models (n = 18) and another group with 
research based on animal models (n = 18). the data analysis 

used Polish microbiologist and epistemologist ludwic Fleck’s 
(1896-1961) epistemological assumptions. 

the data suggest that there are at least two thought styles op-
erating in consonance on the same research problem (advances 
in human health conditions), but with significantly different 
conceptions, not only about the research practices involved but 
also the historical conceptions related to the role of animal ex-
perimentation.
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three-dimensional (3D) human skin models have already been 
established to evaluate skin irritation properties of insoluble 
chemicals. these models did not have dendritic cells, so they 
could not be used for the evaluation of skin sensitization. Al-
though some in vitro skin sensitization tests using human den-
dritic cells or the human monocytic leukemia cell line have been 
developed, these have difficulty in examining a wide variety of 
cosmetic ingredients. In this study, we established an in vitro 
skin sensitization test using a 3D human skin model containing 
dendritic cells. 

A 3D human skin model consisting of normal human skin fi-
broblasts, normal human dendrite cells (NHDC) and normal hu-
man epidermal keratinocytes on a collagen vitrigel membrane 
(VG-KDF-Skin) was self-made. the VG-KDF-Skin was treated 
with test chemical for 1 h. After removal of the test chemical, the 
skin model was further incubated for 23 h. the supernatant was 

collected and IL-1α and IL-4 release were measured by ELISA. 
The skin model was fixed and CD86 expression on NHDC was 
analysed. When cytokine release or CD86 expression in the test 
chemical-treated model was over 150% compared to those in 
the control, the chemical was determined as positive.

Eight sensitizers (water-soluble: 4, insoluble: 4) and five 
non-sensitizers (water-soluble: 4, insoluble: 1) were examined. 
the chemicals tested were perfume, surfactant and solvent, etc. 
Among the three indicators used, Il-4 release most correspond-
ed to the sensitization potential of the test chemicals. the accu-
racy, sensitivity and specificity of this method vs. LLNA were 
92%, 88% and 100%, respectively.

these results suggest that the VG-KDF-Skin using an indica-
tor of Il-4 release would be useful for evaluating skin sensitiza-
tion potential of insoluble chemicals.

Keywords: skin sensitization test, 3D human skin model, collagen vitrigel membrane
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Developmental defects leading to severe malformations and 
dysfunctions can result from alterations in the differentiating 
embryo caused by exogenous embryotoxic compounds. During 
early embryonic development five highly conserved signalling 
pathways are essential for the regulation of differentiation: the 
Wnt-, TGF-β-, Notch-, Hedgehog- and RTK- signalling path-
ways. For in vitro assessment of teratogenic effects, alterations 
of these pathways could be measured using reporter constructs 
comprising pathway-specific DNA binding elements upstream 
of a luciferase reporter gene. In the context of ReACH, such 
in vitro methods for the assessment of reprotoxicity are needed 
more than ever.

In a first approach to develop a cell-based in vitro test system 
for reprotoxic effects, D3 murine embryonic stem (MeS) cells 
were transfected with a reporter construct specific for the Wnt 
signalling pathway. Stable transfectants in their undifferentiated 
state were treated for 24 h with potential embryotoxic chemi-
cals. A combination of a resazurin-based cell viability assay and 
a luciferase activity assay was used to determine effects on the 
signalling pathway. For high throughput, the test, termed “Re-
ProGlo assay”, was carried out on 96-well plates. We applied 
the assay to several test agents with well-characterised embryo-
toxic potential. Besides some model compounds like retinoic 
acid (RA) or thalidomide, we tested valproic acid (VA) and sev-
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Human hepatocytes are the in vitro system of choice to study 
drug-induced processes in man. Here, we present HePAC2: A 
standardised and validated culture system in which functional 
human hepatocytes can be maintained in serum-free medium 
for several weeks. Anabolic and catabolic hepatocellular func-
tions and cellular vitality are monitored daily. Albumin and urea 
are produced on a relatively constant level for up to 2-3 weeks, 
while the cells remain viable. Based on this, a standard protocol 
was established that allows repeated exposure of hepatocytes to 
test substances for studying drug metabolism.

Human hepatocytes were isolated from healthy tissue of liver 
resections due to cancer. Hepatocytes were cultured in HHMM 
(Human Hepatocyte Maintenance Medium) with daily medium 
changes. After adaptation to the in vitro conditions during the 
first 3 days, the cells were exposed to test pieces for 24 h, begin-
ning on day 4 of culture. Subsequently, the culture medium was 
replaced by medium without the test substance and the same 
exposure scenario was repeated in intervals of 4 days. 

As a first model substance we used acetaminophen (APAP) to 
assay the feasibility of this system. High doses of APAP (2815 
mg/l) diminished urea production by 25% and albumin secre-
tion by 70%. In addition, APAP led to a complete loss of glyco-
gen and a switch from rough to smooth endoplasmic reticulum. 
these effects were reversible. After removal of APAP, secretion 
of urea and albumin returned to control levels, the glycogen 
stores were refilled and a high content of rough ER was found 
again. Human hepatocytes are able to compensate functional as 
well as ultrastructural changes due to APAP within 48-72 h after 
removal of the compound. Within one cell culture this exposure 
scenario could be repeated 4-5 times without loss of reproduc-
ibility. 

As a second model substance we used Riemun, an immu-
nomodulator derived from human blood. Riemun had no effect 
on albumin secretion, but led to an increase of urea release in 
a concentration dependent manner. After removal of Riemun, 
secretion of urea returned to control levels. Again, within one 

eral of its derivatives known to possess a graduated teratogenic 
potential in vivo (eikel et al., 2006).

In order to detect proteratogens, we tried to integrate meta-
bolic activation in our assay using mouse primary hepatocytes. 
three different approaches were used: Co-culture of MeS cells 
and hepatocytes, use of supernatant from pre-incubation of test 
compound with hepatocytes and co-culture using transwell 
plates. We chose the well-known proteratogen cyclophospha-
mide as a test agent for proof-of-principle experiments.

Most (10 out of 14) of the known embryotoxicants tested 
showed an effect on the Wnt signaling pathway; all (3) com-
pounds known to have no embryotoxic effects were also nega-
tive in our assay. Interestingly, VA and its derivatives showed 
a graduated response in the ReProGlo assay according to their 
in vivo teratogenic potential. Cyclophosphamide was only ac-
tive after metabolic activation by primary hepatocytes; the ef-
fect was observed in pre-incubation- as well as in co-culture 
experiments.

the results demonstrate that the ReProGlo-assay can detect 
the influence of embryotoxic compounds and may help to elu-

cidate the complexity of signalling pathways during embryonic 
development. the simultaneous detection of reporter activity 
and cell viability is crucial for the discrimination of specific and 
unspecific effects. Furthermore, the integration of a metabolic 
activation system is feasible. Overall, the initial results seem 
promising and we expect that the generation of reporter cell 
lines for more pathways and their inclusion in the test system 
will improve the predictive quality of the ReProGlo assay. 

this study was supported by the eU (ReProtect, lSHB-Ct-
2004-503257) and the Ministerium für Ernährung und Ländli-
chen Raum, (Projekt-Nr. 0314 e). VA derivatives were a kind 
gift from Prof. Dr. Heinz Nau, Hannover.
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the in vitro transformation test on BAlB/c 3t3 cells resembles 
tumour onset and progression in vivo and represents a useful 
and flexible model to screen the carcinogenic potential of both 
genotoxic and non genotoxic chemicals. It shows good predict-
ability, high sensitivity and specificity and is time-saving and 
less expensive compared to animal studies (Sakai et al., 2007).

Several improvements to the basic protocol were proposed 
aiming at increasing the cell transformation frequency, shorten-
ing the length of the assay and reducing the cytotoxic effects 
associated with chemical exposure (Matthews et al., 1993). the 
results obtained in our laboratory confirm the suitability of the 
improved protocol to discriminate carcinogenic compounds and 
support the use of the BAlB/c 3t3 cell transformation assay 
as a possible alternative to predict carcinogenic risk to humans 
(Mascolo et al., 2010).

In order to identify compounds which could interfere with 
tumour development we set up an anti-transformation assay 
(Vaccari et al., 1999). Several molecules belonging to differ-
ent chemical classes, such as estrogen antagonists, polyphenol-
ic compounds and retinoids, were tested as promising tumour 
chemopreventives. the treatment was performed according to 
different exposure schedules to better define the potential pro-
tective effects and the steps of the multistage carcinogenesis 
process they affect. the chemicals were administered to BAlB/
c-3t3 cells: 1) for 48 hours, before cell plating (pre-treatment); 
2) for 48 hours, concurrently with the carcinogen (simultaneous 
treatment); 3) throughout the duration of the experiment, after 

the exposure to the carcinogen, at each medium change (chronic 
treatment). A cytoxicity assay was performed to estimate the 
corresponding cloning efficiency. 

the cell treatment with the carcinogen determines the induc-
tion of morphologically aberrant foci; the outcome of BAlB/c 
3t3 cell exposure to the potential anti-transforming chemicals 
is the reduction of the number of transformed foci/plate as well 
as the decrease of the transformation frequency.

Results give evidence that the proposed in vitro test could be 
useful for the preclinical screening of promising chemopreven-
tive agents. 
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cell culture this exposure scenario could be repeated 4-5 times 
without loss of reproducibility.

Next, APAP and Riemun were applied alternately. this rotary 
application of APAP and Riemun did not alter the effects that 
each substance had on its own on albumin and urea metabolism. 

In conclusion, these data demonstrate the robustness and the 
suitability of our long-term culture system to serve as a tool for 

repetitive screening of drug-mediated changes on hepatocellular 
functions and it can become an alternative to animal testing. 
One human hepatocyte culture may be used multiple times for 
toxicity testing of xenobiotics. In case of nontoxic effects of the 
compound, the same cells can metabolise a second compound 
after a recovery period of 3-4 days.

Keywords: transformation, in vitro test
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Although pertussis vaccines are routinely administered to in-
fants to protect them from whooping cough, a satisfactory 
safety test is currently not available. the histamine sensitization 
test (HISt) is currently the standard assay that is accepted by 
regulatory authorities to test for the absence of active pertussis 
toxin (PTx). Being a lethal animal test that is difficult to stand-
ardise, replacement of the HISt should be considered a priority. 
Moreover, the exact mechanism of the test is not defined, nor is 
it clear whether the assumed underlying mechanism, i.e. Ptx-
mediated ADP-ribosylation of G proteins, is the only effect that 
should be considered in Ptx safety testing. 

thus, instead of developing an in vitro assay focusing solely 
on ADP-ribosylation to replace the HISt, we suggest to take a 
step back and start by outlining all physiological and clinically 

relevant effects of Pt. to this end we will perform micro-array 
experiments in relevant human cell lines exposed to Ptx. the 
human cell lines eHY926 (umbilical vein endothelial cells) and 
MUtZ-3 (dendritic cells) are relevant because a) these cell types 
are involved in the in vivo effects of Ptx and b) Ptx has been 
described to have in vitro effects on these specific cell lines. De-
termining gene expression patterns in these cell lines will allow 
us to identify the involved signaling pathways of Ptx.

Ultimately, marker genes and/or proteins selected from these 
signaling pathways can be used to develop a novel safety test 
that covers the complete biological activity of Ptx. Moreover, 
such a test does not require the use of experimental animals and 
may be more informative than current in vivo testing. 

Keywords: pertussis toxin, vaccines, micro-array
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In vitro methods are widely used to study activities at the cel-
lular level. Furthermore, in vitro methods are powerful tools to 
replace or reduce animal experiments, either as stand-alone or 
as part of a testing strategy. 

Cells are maintained under well-established conditions, 
which typically involve incubation at 37˚C with a humidi-
fied gas mixture of 5% CO2. An often used basal medium 
is Dulbecco’s Modified Eagles Minimal Essential Medium 
(DMeM). Depending on the cell type this medium is sup-
plemented with factors essential for proliferation, migration 
and differentiation of the cells. Usually, serum is used as 
supplement, often fetal bovine serum (FBS). the use of se-
rum involves several problems: possible contamination, un-
defined (binding) factors, batch-to-batch variation, etc. The 
use of FBS also involves an ethical problem; blood collec-

tion may cause severe suffering to the animal (van der Valk 
et al., 2004). It was therefore concluded that the use of FBS 
should be strongly discouraged and chemically defined media 
should be preferred when using in vitro methods (Coecke et 
al., 2005; eSAC, 2008; van der Valk et al., 2004). Around 450 
serum free media are now available (www.goodcellculture.
com). Still, a defined medium has not yet been developed for 
every cell type. In addition, the formulation of most commer-
cially available media is not released, and these media can 
thus not be regarded as strictly defined. 

To discuss the development of culture media for specific cell 
types a workshop was organised by the Dutch-Belgian Society 
for In Vitro Methods (INVItROM), the european Society for 
toxicology In Vitro (eStIV) and the Danish In Vitro toxicol-
ogy Network in November 2009 in Copenhagen. 
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It was concluded that the development of serum-free media 
and cell adaptation processes is an ongoing process in several 
laboratories, often without knowledge of research processes, 
experiences or results of other laboratories regarding this topic. 
this information, particularly with regard to precise formula-
tions, should be collected and made publicly available to facili-
tate the further development and use of defined cell and tissue 
culture media. Several databases already collect this type of in-
formation (see below). 

the workshop participants supported the recent statement of 
the ECVAM Scientific Advisory Committee (ESAC) in which 
the use of serum and other animal components in cell and tis-
sue culture was strongly discouraged and the development of 
defined media was required (ESAC, 2008). The use of defined 
media is also suggested when applying Good Cell Culture Prac-
tice (GCCP) (Coecke et al., 2005; Hartung et al., 2002). It was 
recommended to make GCCP part of Good laboratory Practice 
and/or Good Manufacturing Practice to give it a legal basis. 

During the workshop, the different components of a defined 
medium were discussed to facilitate the development of defined 
culture media. Furthermore, several approaches to adapt cells to 
serum-free media were discussed. 

Details of the workshop and its recommendations will be dis-
cussed at the congress and are published in a workshop report in 
Toxicology In Vitro (van der Valk et al., 2010). 

More information on already established media may be found 
on: 
– http://www.focusonalternatives.org.uk/PDFs/FCS-free%20

table%20May%2009.pdf 
– http://www.goodcellculture.com/ 
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Due to its high throughput nature, toxicogenomics can pro-
vide a broad picture of a toxic response, offering the ideal 
functional platform for grouping chemicals according to 
mechanistic similarity. In this way, toxicogenomics has found 
its way into predictive toxicology. So far, however, the pre-
dictive potential of toxicogenomics in an endocrine disrup-
tive screening context has not been extensively examined. 

the aim of this study was to combine a toxicogenomics 
approach with an estrogen-sensitive MCF-7 cell system. In 
total, 18 compounds with endocrine disruptive potential were 
selected, of which 11 are listed as ICCVAM reference com-
pounds for validation of estrogen receptor (eR) binding and 
transactivation assays. In this way, the grouping and classifi-
cation potential of the gene expression profiles could be di-
rectly compared to the more classical estrogenicity screens, 

such as eR binding, eR transactivation and MCF-7 cell pro-
liferation assays. 

Results indicated that this toxicogenomics approach was 
clearly capable of grouping compounds into strong, weak and 
non estrogenic groups. the chemical groups were represented 
by interesting marker genes, such as PGR, eRBB2, CxCl12, 
AReG and eGR3, including some early-responsive (i.e. 4 h) 
potential biomarkers. Moreover, compound classification 
reflected largely the classical in vitro estrogenicity screens. 
the present study however also demonstrates the value of 
toxicogenomics for evaluating gradual differences in related 
modes of action, in addition to the more common search for 
opposite modes of action. this could indicate that omics data 
can also provide information on chemical potency, so far 
considered an important bottleneck in using toxicogenomics 
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the toxicity of a compound may be caused not only by the 
parent molecule but also by its metabolites. Metabolism can 
result in a bioactivation phenomenon rather than in a detoxifi-
cation process, leading to metabolism-dependent toxicity that 

cannot be assessed by cell lines currently used for basal cy-
totoxicity screening as they lack biotransformation enzymes 
(Gómez-lechón et al., 2001). toxicity is responsible of 30% 
of the attrition rate in drug development. thus there is an ur-
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Membrane transporters can be major determinants of the pharma-
cokinetic, safety and efficacy profiles of drugs. Recent progress 
has been focused on the interaction of drugs and their metabolites 
with mammalian transporters present in epithelial and endothelial 
barriers. Many questions for drug development, including which 
transporters are clinically important in drug absorption and dis-
position or which methods are suitable for studying in vitro drug 
interactions with important transporters, are now being raised. 

Solvo Biotechnology and Advancell, in close collaboration, 
have developed a PreadyPorttM  platform for in vitro drug 
transporter evaluations. PreadyPorttM consists of three ready-
to-use reagents based on differentiated MDCKII cells overex-
pressing MDR1, BCRP, and OAtP2B1/BCRP transporters in a 
24-transwell plate format. PreadyPorttM -MDR1 and Pready-
PorttM -BCRP model the net transport event of barriers like the 
human blood brain barrier (BBB) and the intestinal barrier and 
can be used for regulatory submission studies. the kits allow 
the performance of transporter experiments without in-house cell 
propagation, cell line development or acquisition. The innova-

tive shipping medium, developed and patented by Advancell, 
preserves the properties of the barrier throughout transportation 
and storage. Results of different substrates and inhibitors ob-
tained with PreadyPorttM -MDR1 and PreadyPorttM -BCRP 
will be presented and discussed.
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data in a toxicity screening context. However, statistical tools 
to implement this ‘potency’ information in the classification 
process of omics data need to be further evaluated to fully 
comprehend the true value of these gradual expression pro-

files. Nevertheless, these results open the discussion on the 
added value of a broader endpoint evaluation in estrogenicity 
screens provided by omics-techniques compared to the clas-
sical single endpoint based assays.
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Although it is widely accepted that the establishment of gap junc-
tional intercellular communication (GJIC) is a prerequisite for 
maintaining liver homeostasis, its role in the occurrence of apop-
totic hepatocyte cell death still remains elusive. Most hepatic gap 
junctions are formed by two hemichannels of neighbouring hepa-
tocytes, which are composed of connexin32 (Cx32). the present 
study was set up to investigate the fate of Cx32 and its channels in 
Fas-mediated hepatocellular apoptosis.

Primary hepatocytes were exposed to Fas ligand and Cx32 
expression was studied by means of immunoblotting and qRT-
PCR analysis. GJIC was monitored by fluorescence recovery 
after photobleaching analysis. Cx32 hemichannels were ap-
proached through Cx32 siRNA-mediated gene silencing, cell 
surface biotinylation, application of a Cx32 mimetic peptide 
and measurement of AtP release.

GJIC rapidly declined upon progression of the cell death re-
sponse, which was associated with a decay of the gap junctional 
Cx32 protein pool. Simultaneously, levels of newly synthesised 

Cx32 protein increased and gathered in a hemichannel configu-
ration. This particularly became evident towards the final stages 
of the cell death process and was not reflected at the transcrip-
tional level. Both the silencing of Cx32 expression and the inhi-
bition of Cx32 hemichannel activity prior to cell death induction 
resulted in a delayed termination of the cell death response.

In conclusion, (i) Cx32 hemichannels facilitate the apoptotic-
to-necrotic transition, which typically occurs in the final stage of 
Fas-mediated hepatocyte cell death and (ii) primary hepatocyte 
cultures are suitable in vitro tools to elucidate the mechanisms 
that underlie hepatocyte cell death.
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gent need to develop methods to evaluate compound toxicity 
at early stages.

to this aim, Advancell has developed a new technology plat-
form based on adenoviral transduction for transient expression 
of biotransformation enzymes (Jover et al., 2001) that allows: 
a) to modulate the CYP450 enzymatic activity and reach com-
parable levels to those obtained in subcellular fractions or fresh 
hepatocytes, b) to perform studies either with each of the CYP 
isoforms individually or customised combinations and c) to re-
produce human metabolic idiosyncrasy.

Based on this concept, Advancell has generated a new cell-
based and ready-to-use reagent, ISOCYP-tOx, for in vitro 
screening of CYP450 biotransformation-mediated toxicity in 
96-well plate format amenable to HtS platforms. the reagent 
consists of a HepG2 cell line transiently transduced with indi-
vidual CYPs, making these cells metabolically competent. ISO-
CYP-tOx represents a cost-effective method for the early de-
tection and screening of bioactivation-dependent acute toxicity 

of compounds through rapid analysis for curve fitting and IC50 
generation, as well as identification of CYP isoforms involved 
in production of toxic metabolites. We have studied CYP450 
biotransformation-mediated toxicity of a total of eleven refer-
ence compounds in HepG2 control cells and HepG2 cells, tran-
siently transduced with single CYP3A4, CYP1A2, CYP2e1 
and CYP2A6. the results showed that ISOCYP-tOx is a good 
cellular model to evaluate biotransformation-mediated toxicity.
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Nanoparticles have recently received much interest because of in-
creasing epidemiological and experimental evidence for their ef-
fects on human health. Human exposition to nanoparticles occurs 
either during their manufacture at the workplace or during applica-
tion of nanoparticle-containing products. the aim of the present 
study was the establishment of an in vitro test system to reveal the 
potential risk on human health of multi-walled carbon nanotubes 
(MWNts) at the workplace. the essential advantage of in vitro 
investigations is that they are non-invasive, the employees are not 
bothered and the work routine does not need to be interrupted.

transwell® inserts with co-cultures consisting of differenti-
ated macrophages (PMA pretreated U-937 cells) and human lung 
epithelial cells (A-549 cells) were exposed to aerosols containing 
MWNts using a CUltex® system. to measure the amount and 
size of the particles in the aerosols a Scanning Mobility Particle 
Sizer (SMPS) was connected parallel to the feed line of the CUl-
tex® system. In a first step co-cultures were exposed to well-de-
fined aerosols produced by an aerosol- or particle generator. Two 
different types of MWNts (type 1 and type 2) were investigated 
in these experiments. In a second step co-cultures were exposed 
to workplace atmospheres. Atmospheres emerging during differ-
ent production steps with open and closed nanoparticle handling 
were investigated. to reveal the toxic potential of MWNts con-
taining aerosols the following endpoints were examined: cyto-
toxicity (WSt1 assay), oxidative stress (DHR-assay), secretion 
of pro-inflammatory cytokines (IFNγ, IL-1β, IL-2, IL-4, IL-5, 

IL-6, IL-8, IL 10, IL-12p70, TNF-α und TNF-β) and genotoxic-
ity (COMet-Assay). 

MWNts of type 1 were cytotoxic and induced oxidative stress, 
whereas these effects could not be observed with MWNts of type 
2, which can be explained by the about two-fold higher amount of 
carbon in the MWNts type 1 compared to MWNts type 2. Work-
place atmospheres did not induce cytotoxic effects, independent of 
the production step investigated. 

Increased oxidative stress was observed in one of the experiments 
during the open handling production step. In the other experiments 
(one with open and two with closed handling), no increase could be 
observed. SMPS measurement showed that the induced oxidative 
burst was related to a higher particle exposure. No increase of cy-
tokine release could be measured, either with generator produced 
aerosols or with workplace atmospheres. Investigation of DNA 
damage revealed a very slight increase after exposition to MWNts 
type 1, whereas MWNts type 2 showed no genotoxic effects. 

Our results indicate that high MWNt particle exposition induces 
reduction of cell viability as well as induction of oxidative stress 
and DNA damage. At the working place the MWNt exposition 
was very low owing to safety precautions and was about 1000 fold 
lower than in the experiments with the well defined aerosols. Thus, 
effects of the working place atmospheres on cells could be ob-
served only in one case. Consequently, high demands on employee 
protection as well as further development of safety standards are 
necessary to maintain low exposure at the working place.

Keywords: multi-walled carbon nanotubes, in vitro inhalation exposure, A-549 cells, U-937 cells, cytotoxicity, immunotoxic effects, 
genotoxic effects
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Basic research on the biology and immunology of microbial 
infection requires appropriate model systems. Due to the com-
plexity of the processes, most studies involve animal testing. 

Besides ethical concerns, these models are not always repre-
sentative of infections in humans, which holds true particu-
larly for the human pathogenic fungus Candida albicans. In 
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vitro models that closely parallel the in vivo situation and al-
low studies of relevant physiologic functions are thus highly 
desirable.

Possible alternatives, especially for localised infections, are 
provided by models using in vitro reconstituted human epithe-
lium or epidermis. In recent years, these model systems have 
been successfully established to evaluate the effectiveness of 
topical anti-infectives, to characterise the role of fungal viru-
lence factors and to study immune responses during localised C. 
albicans infections (Schaller and Weindl, 2009; Schaller et al., 
2006). Early studies focused on the consequence of gene disrup-
tion in C. albicans on pathogenicity and the epithelial cytokine 
pattern. Most recently, these models have been supplemented 
with immune cells such as lymphocytes and polymorphonu-
clear leukocytes to study their role during the course of infec-
tion and to characterise the interaction between the skin barrier 
and accessory immune cells. Using the in vitro model, it has 
been demonstrated that an immunological crosstalk between 
C. albicans-infected oral epithelium and polymorphonuclear 
leukocytes induced an immune cell-mediated upregulation of 
epithelial toll-like receptor 4, a member of an important recep-
tor family which plays a critical role in innate immune recogni-
tion of pathogens (Weindl et al., 2007). the increased receptor 
expression was directly responsible for protecting the mucosal 

surface from fungal invasion and cell injury. these studies will 
help us to gain insight into the complex mechanisms by which 
appropriate innate and acquired immune responses are initiated 
and to identify factors that contribute to an increased suscepti-
bility to Candida infection in patients.

Although any conclusion from these models for an in vivo 
infection has to be made with caution, the available systems re-
flect more and more closely the physiological situation found in 
vivo, thereby providing a valid matrix to model the events un-
der controlled experimental conditions. In addition, such model 
systems can also be used to study infections with other fungi or 
bacteria.
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topical glucocorticoids (GCs) are extensively used in the ther-
apy of inflammatory skin diseases. One of the most important 
side effects of long-term GC treatment is skin atrophy. Cur-
rently, preclinical studies involve animal testing, which is not 
always representative of the situation in humans. 

the aim of this project was to establish a 3D in vitro model 
for the evaluation of the anti-inflammatory and atrophic poten-
tial of topically applied GCs. Initial studies in fibroblasts and 
keratinocytes confirmed the known effects of GCs as decreased 
cytokine production and collagen mRNA expression. In recon-
structed human skin (RHS) models, topical application of GCs 
for 7 days strongly reduced Il-6 secretion. GC-induced skin 
atrophy, known to appear only after prolonged treatment, was 
not detected by analysis of epidermal thickness and collagen 
mRNA expression. 

Noteworthy, reproducible inflammatory conditions in the 
epidermis were established for the first time in RHS models. 
topical treatment with tNF increased Il-6 release and strongly 
reduced epidermal thickness accompanied by severe parakera-
tosis. Subsequent GC treatment reduced IL-6 levels and com-
pletely resolved parakeratosis, leading to increased epidermal 
thickness. 

Inflammatory conditions mimic more closely the in vivo situ-
ation in which GCs are used and therefore appear to be more 
suitable for future investigations for the establishment of hu-
man-based in vitro models to estimate wanted and unwanted 
GC effects.

Keywords: glucocorticoids, inflammation, skin atrophy, reconstructed human skin model



AbstrActs Linz 2010

Altex 27, Suppl. 2/10146

Poster 

Proposal of a chemical dataset for the development 
and evaluation of in vitro methods  
as alternatives to in vivo eye irritation testing
Bart De Wever 0, Nathalie Alépée 1, Sandrine Bessou 2, Ann De Smedt 3, Penny Jones 4,  
Béatrice Le Varlet 5, Monique Marrec-Fairley 6, Pauline McNamee 7, Uwe Pfannenbecker 8,  
Magalie Tailhardat 9 and Freddy Van Goethem 3

0Henkel (Düsseldorf) (De); 1l’Oréal (Aulnay Sous Bois Cedex) (FR); 2laboratoire Pierre Fabre (Castres) (FR); 3Johnson & 
Johnson Pharmaceutical Research & Development (Beerse) (Be); 4Safety and environmental Assurance Centre Unilever (Sharn-
brook) (UK); 5links Ingénierie (Paris) (FR); 6Colipa (Brussels) (Be); 7the Procter & Gamble Company (egham, Surrey) (UK); 
8Beiersdorf (Hamburg) (De); 9lVMH (Saint Jean de Braye Cedex) (FR)

Contact: blevarlet@orange.fr

the Colipa (european Cosmetics Association) task Force eye Ir-
ritation (tFeI) is actively involved in the development of in vitro 
methods to replace the Draize rabbit eye test, now banned for 
evaluating cosmetic ingredients. One of its key projects is focused 
on method development/optimisation using Reconstructed Human 
tissue (RHt) assays for both Mattek epiOcular® and Skinethic® 
HCe human corneal models. the completion of pre-validation 
datasets was performed after evaluation of numerous chemicals, 
enabling these two methods to enter a prospective eCVAM valida-
tion study now in progress to reliably discriminate non-classified 
(non-irritant) chemicals from all classes of eye irritants, as defined 
according to the United Nations Globally Harmonized System 
(GHS). In parallel, additional efforts are still required and so a 
key research project of the COlIPA tFeI programme is develop-
ment of new in vitro test systems/endpoints that are based on an 
understanding of mechanisms of action of eye injury/recovery to 
predict human ocular responses to chemical exposure. In order to 
develop in vitro assays that accurately identify eye irritation po-

tential, selection of appropriate test chemicals is of critical impor-
tance. Here, we provide a set of around 50 chemicals which are: 1) 
single chemical entities; 2) supported by relevant and reliable high 
quality in vivo data; 3) cover the whole range of irritant effects/
potencies; 4) include relevant classes of chemicals; 5) include rel-
evant physical states and 6) are readily available. All the chemicals 
listed have been tested in at least one RHt assay and were tested in 
the Bovine Corneal Opacity and Permeability (BCOP) test method 
and referenced in the ICCVAM BCOP Mild/Moderate Ocular Ir-
ritants Background Review Documents.

Use in the method development phase of selected chemicals 
from such a reference list would facilitate early assessment of 
the performance of a method with respect to existing tests, and 
of its possible contribution to a tiered testing strategy, for exam-
ple according to that published from the eCVAM 2005 expert 
meeting. this poster provides a detailed analysis of a chemical 
dataset proposed by Colipa for use in development and evalua-
tion of in vitro methods for eye irritation testing. 

Keywords: eye irritation, in vitro methods, human corneal models, chemical dataset, Bovine Corneal Opacity and Permeability test
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Cell based assays for live cell monitoring are useful tools in 
the field of toxicology. For example, live cell monitoring was 
shown in 1989 with the cytosensor microphysiometer (Parce 
et al., 1989). this device was designed to analyse the acidi-
fication rate of living cells with a silicon based pH sensor. 
Recently, the cytosensor microphysiometer was evaluated in 
a Bottom-Up/top-Down approach as an alternative testing 
strategy for eye irritation (Scott et al., 2010) and a catch-up 

validation of similar instruments was discussed (Hartung et 
al., 2010).

In the group of Prof. B. Wolf at the technische Universität 
München (www.lme.ei.tum.de) a cell based assay was developed 
using a BioChip platform manufactured in thin film technology. 
Parameters were – beside pH – extended to include dissolved oxy-
gen, impedance and temperature. thus it is possible to address ex-
tracellular acidification, cellular respiration and changes in cellular 

altex_2010_linz_146-168.indd   146 11.8.2010   16:45:06 Uhr



AbstrActs Linz 2010

Altex 27, Suppl. 2/10 147

Poster

Fulfilling data requirements for the U.S. EPA  
Endocrine Disruptor Screening Program using  
existing and non-traditional data
Catherine Willett 0, Nancy Beck 1, Jeffery Brown 0, Joseph Manuppello 0, Samantha Suiter 0  
and Kristie Sullivan 1

0People for the ethical treatment of Animals (Norfolk, VA) (US); 1Physicians Committee for Responsible  
Medicine (Washington, DC) (US)

Contact: katew@peta.org

New methods of generating and evaluating toxicity data for 
chemicals are needed to cope with the increasing demands of 
new testing programs. One such approach involves the use of 
existing data combined with non-testing strategies to create a 
custom, integrated testing strategy (ITS) based on the specific 
properties of a chemical. ItS can be applied to new or exist-
ing programs to increase efficiency and save animals and re-
sources. We recently proposed an ItS approach to the U.S. ePA 
endocrine Disruptor Screening Program (eDSP), which the 
EPA launched in October 2009 by issuing orders for the first 
67 chemicals to be tested in the eDSP tier 1 battery of assays. 
As a condition of approving ePA’s plan to collect data for the 
program, the Obama Administration instructed the ePA to pro-
mote and encourage the use of Other Scientifically Relevant In-
formation (OSRI) in lieu of performing some or all of the tier 
1 assays. the Phase I chemicals consist of 58 pesticide active 

ingredients and nine High Production Volume (HPV) pesticide 
inert chemicals, all of which have been subjected to dozens of 
toxicity tests, often including reproductive and chronic/lifecycle 
studies in rodents, fish and birds. Many of these chemicals also 
have information available from mechanistic in vitro assays that 
supplement in vivo information already available. Building on 
our previous work using ItS principles, we show that OSRI-
based arguments are sufficient to satisfy Tier 1 data require-
ments for a number of Phase 1 chemicals. this approach can be 
used to address the endocrine disrupting potential of chemicals 
in any regulatory context. In fact, development of a Guidance 
Document for the use of test Guidelines for assessing endocrine 
disruptors within the context of existing information is a current 
high priority project at the Organization for economic Coopera-
tion and Development. 

morphology. A closed fluid system running in a stop-and-go mode 
allows supply of the cells with fresh cell culture medium or the 
addition or removal of drugs or toxins. State of the art electronic 
circuitry and software for control and analysis of the data yielded 
the IMOlA-IVD (Intelligent mobile lab for in-vitro diagnostics) 
system, which was spun-off to cellasys GmbH (www.cellasys.
com) and extended to a six channel version. this system allows 
multi-parametric, long term, marker-free, online analysis of living 
cells and their response to compound addition or removal. 

the IMOlA-IVD system (Wiest et al., 2006) has applica-
tions in various fields including toxicokinetics. As an alterna-
tive method for animal experiments there is a high potential for 
full replacement. Proof of principle experiments using mouse 
fibroblasts have shown a high sensitivity of the different mi-
crosensors toward known toxic profiles. To fully evaluate cell 
based assays for live cell monitoring as alternative methods, 
non-endpoint based standard operating procedures have to be 
developed and validated. Ongoing work includes the develop-
ment and validation of alternative methods and development of 

technology for investigation of metabolic chains and non-water-
soluble compounds.
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Cyclosporine A (CsA) remains one of the most widely used im-
munosuppressive drugs for use in organ transplantation; how-
ever, it is also associated with the development of chronic renal 
disease. While there is thought to be a vascular and glomerular 
component to CsA nephropathy, evidence shows that proximal 
tubular cells are also directly affected by this compound. 

In the present study we investigated the effect of long term 
repeat exposure of CsA on the human renal proximal tubule 
cell line RPTEC/TERT1. Cells were cultured to confluence on 
aluminium oxide, microporous supports and allowed to differ-
entiate for two weeks prior to exposure. Cells were exposed to 
a fresh daily bolus of CsA at 5 or 15 µM for 1, 3 and 14 days. 
transepithelial electrical resistance (teeR) and lactate produc-

tion were monitored on a daily basis. At each time point cells 
were harvested for transcriptomics, mass spectrometry based 
peptide profiling and NMR based metabolomics analysis. 

CsA exposure caused an increase in teeR of RPteC/teRt1 
cells over the duration of the experiment, at both 5 and 15 µM. 
CsA also caused a sustained increase in glycolysis, as previ-
ously reported at 15 µM. transcriptomic analysis revealed the 
prominence of genes involved in cell cycle and p53 pathways. 
the effect of CsA on the RPteC/teRt1 proteome and metabo-
lome was also demonstrated. We show here for the first time a 
full omics analysis of the effects of CsA in cultured renal epi-
thelial cells.

Hepatic drug toxicity is one of the leading causes of drug with-
drawal from the market. While conventional 2D hepatocyte cul-
ture systems or suspension cultures are suitable for detection of 
acute toxicity, the assessment of subchronic to chronic hepatic 
toxicity requires models that allow prolonged maintenance of 
hepatocyte functionality. 

Based on a multi-compartment bioreactor technology for 
clinical bioartificial liver support (Schmelzer et al., 2009) we 
developed a miniaturised bioreactor prototype that allows 3D 
perfusion culture of liver cells in a capillary scaffold provid-
ing decentralised mass exchange and integral oxygenation. the 
device is based on the use of interwoven hollow fibre capillary 
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membranes for independent medium and gas perfusion of the 
cells located in the extra-capillary space (cell compartment). 
the maintenance of physiological functions of hepatocytes over 
several weeks was shown in human hepatocytes co-cultured 
with non-parenchymal liver cells in the bioreactor.

to reduce the required cell number and medium volume for 
screening studies on drug metabolism and toxicity, miniaturised 
bioreactor prototypes with a reduced cell compartment volume 
of 2.0 ml or 0.5 ml were constructed based on the existent multi-
compartment culture technology. the use of transparent mate-
rial in the bioreactor housing facilitates microscopic access to 
the cells. In addition, optic sensors can be integrated into the 0.5 
ml-prototype for monitoring of metabolic parameters, e.g. oxy-
gen concentrations, in the cell compartment. the bioreactor is 
integrated into a perfusion device that allows electronic control 
of major system functions (temperature, gas supply, medium 
flow and pressures). 

Primary human liver cells cultured in the miniaturised bi-
oreactor showed stable metabolic activities in terms of urea 
and albumin production, glucose metabolism and cytochrome 
P450 dependent enzyme activity. The time profile of metabolic 
parameters was comparable in the 2.0 ml- and the 0.5 ml-pro-

totype in relation to the cell number and medium volume. the 
presence of markers for hepatocytes, biliary cells and non-
parenchymal cells as well as hepatic transporter proteins in 
the cell aggregates was demonstrated by immunohistochemi-
cal staining. 

the results indicate that the miniaturised multi-compartment 
bioreactor provides an innovative tool for in vitro investigations 
on human hepatic drug metabolism and toxicity. the option or 
simultaneous operation of up to four independently perfused 
bioreactors in the same perfusion device facilitates the perform-
ance of parallel experiments with cells from the same donor, 
e.g. for dose-finding studies. Moreover, the co-cultivation of 
hepatocytes with other cell types from the liver (e.g. endothelial 
cells, biliary cells, Kupffer cells) in the bioreactor could be valu-
able for studies of toxic effects of drugs in the liver.
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the understanding of mechanisms and the screening of a 
larger panel of environmentally-present compounds has been 
hampered by the lack of suitable and cost effective experi-
mental systems. In vitro neural differentiation of embryonic 
stem cells (eSC) has been shown to approximately recapitu-
late in vivo differentiation. It may thus form the basis for a 
suitable in vitro system to assess DNt. 

Here, murine eSCs were differentiated to neurons under feed-
er-free conditions. the mature postmitotic neuronal phenotype 
was corroborated on day 20 by staining for general neuronal 
markers and several markers for neuronal subtypes or synaptic 
proteins. Differentiation kinetics were assessed by q-PCR and 
chip analysis. DNt testing was performed by exposure to com-
pounds during differentiation. DNt was evaluated by e.g. West-
ern blot or q-PCR, and the acute neurotoxicity was assessed 
by the release of lactate dehydrogenase (lDH) or resazurin re-
duction. test compounds included known neurodevelopmental 

toxicants (CH3HgCl (methylmercury)). the concentrations for 
the DNt assay were chosen so that they did not affect the over-
all cell viability (as assessed by e.g. lDH assays). this upper 
toxicity threshold was determined in acute neurotoxicity experi-
ments. 

When eSC-derived, terminally differentiated neurons were 
exposed for three days to known neurotoxicants, we detected 
eC50 values that were similar to those found in murine primary 
neuronal cultures, but about one log lower than in non-neuronal 
cells. All DNt tests were performed with concentrations lower 
than those triggering acute neurotoxicity. Under these condi-
tions, DNt compounds showed a pronounced adverse effect on 
differentiation. the mRNA levels of neural markers were sig-
nificantly downregulated compared to control cultures not treat-
ed during differentiation. Notably, DNt, e.g. of CH3HgCl, was 
detected at more than 10,000 times lower concentrations than 
the acute neurotoxicity. This reflects the in vivo situation where 
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mercury is neurotoxic only at high concentrations while it is 
toxic for the developing fetal brain at very low concentrations. 
Significant effects of CH3HgCl were robustly and reproducibly 
detected at concentrations as low as 50 pM. 

to our knowledge this test system has an unprecedented sensi-
tivity and will be used both for mechanistic studies on the back-
ground of DNt of known compounds and for the pre-screening 
of unknown compounds. 

Keywords: embryonic stem cells, mercury, neuronal differentiation, developmental neurotoxicity
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Benzene, one of the known environmental pollutants, is mainly 
released to the environment from fossil fuels, oil and its deriva-
tives, contaminating air, water and soil. It is readily absorbed by 
all routes of exposure, rapidly distributed throughout the body 
and metabolised to a variety of intermediate carcinogenic com-
pounds. this can lead to occurrence of leukaemia especially 
Acute Myelogenous leukaemia (AMl). It is suggested that 
benzene’s adverse effects are mainly due to oxidative stress in-
duction especially by its metabolites. extensive research during 
the last 50 years has proved curcumin (the yellow pigment in 
curry powder, a widely used food spice) as a potent antioxidant 
chemopreventive agent with anti-tumoral activities. In this pre-
sented work we have examined the ability of curcumin to coun-
teract oxidative stress induced by one of benzene’s metabolites, 
benzoquinone, on in vitro treated human erythrocytes. 

Erythrocytes were divided into four portions. The first por-
tion was pre-incubated for 4 h at 37ºC with different concen-
trations (0, 10, 20, 50, 250 µM) of benzoquinone. the second 

portion was pre-incubated with curcumin for 30 min followed 
by incubation with benzoquinone for 4 h. the third portion was 
incubated with the same concentration of curcumin solubilised 
with dendrosomes for 30 min and was subsequently treated with 
benzoquinone. the last portion was used as the control with no 
treatment. Malondialdehyde (MDA) concentrations, CAt and 
SOD activities, as well as haemolysis percentage were meas-
ured in all samples of erythrocytes. 

Benzoquinone induced oxidative stress in erythrocytes lead-
ing to elevated activities of CAT and SOD. These were signifi-
cantly decreased by treatment with 50 µm dendro-curcumin. 
the presence of dendro-curcumin in the benzoquinone treated 
sample also reduced haemolysis by up to 15%. MDA levels de-
clined but were not completely eliminated using either curcu-
min or dendro-curcumin. 

Altogether, dendro-curcumin seems to have considerable 
antioxidant effects and can decrease benzoquinone induced oxi-
dative stress in erythrocytes. 

Keywords: curcumin, nanocurcumin, benzoquinone, oxidative stress, erythrocyte
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Protection of laboratory animals is not an exclusive government 
task. Businesses and organisations too should take responsibil-
ity in this matter. Corporate social responsibility (CSR) offers 
a sound framework within which the particular responsibility 
towards laboratory animals can be modelled. Corporate ethics 

with respect to people, planet and profit are at stake. Animal 
testing is not covered however, whereas surely it can be consid-
ered a social issue. 

For this reason, the Dutch Society for the Replacement of 
Animal testing has initiated a round table discussion with key 
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players from corporations, academia and not-for-profit organi-
sations to ensure that a policy on laboratory animals is encom-
passed in CSR. 

An initial result of the talks is the transparency Code, where-
by organisations undertake to report on their animal testing pol-
icy according to set guidelines. Organisations adhering to the 
code agree to report on numbers of animals and species used, 
research goals, as well as their policy regarding alternatives to 
animal testing. the next step would be to report on their policy 
and to evaluate its implementation. 

the round table is presently elaborating on a dialogue between 
stakeholders, another essential element in advancing CSR. Sup-
ply chain responsibility will also be addressed. An organisation 
that outsources its animal tests or buys products having entailed 
animal testing, must likewise assume responsibility. 

the new approach in the debate on animal testing opens up 
innovative ways to achieve a reduction of animal testing. Co-
operation between companies, academia and animal welfare 
organisations yields new insights, to the benefit of laboratory 
animals. 

Keywords: animal use policy, stakeholder dialogue, corporate social responsibility, transparency
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Integrated testing strategies using in vitro tests for the detection 
of reproductive toxicity are urgently required since reproduc-
tive toxicity safety evaluations demand the highest number of 
animals per tested substance, e.g. a two generation study, which 
is requested in several legislative frameworks, requires up to 
2,600 animals per substance. An integrated project called Re-
Protect (www.reprotect.eu) started in 2004 within the 6th eU 
Framework Programme, assembling 33 european partners from 
academia, SMes, governmental institutions and industry. It 
aimed to develop and/or optimise in vitro assays that provide 
mechanistic information relevant for assessing the hazard of 
compounds to the mammalian reproductive cycle. 

Several in vitro systems were developed that are able to as-
sess a chemical’s hazard in the areas of male/female fertility, 
implantation and prenatal development. A statistical analysis 
to evaluate the intra/inter-laboratory variability of these assays 

has been conducted. A huge amount of data has been produced 
comprising information on the experimental results of all as-
says along with information on the evaluation of test results 
(e.g. eC50 values and other relevant parameters). In addition, 
information on the toxicological in vivo profiles of ~150 test 
chemicals has been recorded. Successfully developed tests have 
been combined into a testing battery that was challenged with 
ten blinded compounds. 

This scientific approach has for the first time demonstrated 
that complementary in vitro tests performed in parallel can de-
liver predictive toxicological profiles of substances for very 
complex human health endpoints. the ReProtect battery iden-
tified toxicologically relevant hazardous properties of ten test 
compounds with relatively high accuracy in the majority of cas-
es. the poster will present major achievements of the project.

Keywords: ReProTect, reproductive toxicity, in vitro tests, FP6 integrated project
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Bisphenol A (BPA) is a chemical substance with a wide distribution 
around the world. It is the major component of polycarbonate plas-
tics, an additive used to line food and beverage cans and containers 
and is contained in many dentistry products. BPA works as a hormo-
nal disruptor with weak estrogenic effect. It can cross the placenta 
and recent studies have reported high levels in placental tissues and 
amniotic liquid. In some cases, the concentration in the fetuses was 
higher than in the maternal serum. Studies in rat and mouse fetuses 
have reported a wide and differing spectrum of effects like morpho-
logical alterations, premature puberty or aneuploidy. In that sense 
we could say that the fetus is very sensitive to BPA. like in other 
species, the reproductive cycle starts at the fetal stage with meiosis. 
During this stage pairing, synapsis and recombination of chromo-
somes takes place, and only concludes with fertilisation. 

the aim of this study was to evaluate the effect of BPA in human 
fetal oocytes in culture. to accomplish the objective, samples of 4 

euploid fetuses were used. the ovarian fetal tissue was cultivated 
following the technique described by Brieño et al., (2010). the tis-
sue was cultivated with D-MeM medium (supplemented with SCF 
90 ng/ml and ItC) and divided into three groups: control group, 
estradiol group (1, 5, 10, 20 and 30 nM) and BPA group (1, 5, 10, 20 
and 30 µM). the cultures were analysed at t7, t14 and t21 (after 
7, 14 and 21 days in culture). Pairing and synapsis were followed 
by immunofluorescence with antibodies for SYCP1 and REC8 and 
recombination with MlH1. Pairing and synapsis did not show any 
difference between fresh tissue and the different groups. For recom-
bination, first results indicated that the number of recombination 
points of MlH1 was in direct relation with the concentration of 
BPA. 

the increase of the mean foci number indicates that the com-
pound increases the recombination of human fetal oocytes in in 
vitro culture. 
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Botulinum neurotoxin (BoNt) products are used for treatment 
of many medical disorders such as cervical dystonia or blepha-
rospasm. Prior to release, every production lot of BoNt requires 
characterisation in a mouse lD50 potency test according to the 
monograph “Botulinum toxin type A for Injection” issued in the 
european Pharmacopoeia (eP) 6.0. Due to the paralysing toxic 
syndrome of BoNt, the treatment of animals is associated with 
severe suffering. 

As part of the German Federal Institute for Risk Assessment 
(BfR) in Berlin, the Center for Alternative Methods to Animal ex-
periments (ZeBet) has recently increased its efforts to promote 
the implementation of the 3Rs in BoNt potency testing. In April 
2009, ZeBet organised an international expert meeting on the 

issue of alternative methods to replace the lD50 Potency test for 
BoNt testing. As a main result of this meeting a “BoNt expert 
Working Group- BoNt eWG” was established dedicated to con-
vene several times per year at BfR to further discuss all aspects 
of BoNt potency testing. It aims to clarify the regulatory require-
ments regarding BoNt product testing on an international level, 
to select the most promising alternative test methods and to pin-
point further steps necessary to succeed with their validation and 
regulatory acceptance. ZeBet in collaboration with the BfArM 
(Federal Institute for Drugs and Medical Devices) has taken the 
chair of the BoNt eWG. Members are representatives of national 
and international competent authorities, validation organisations 
and manufacturers of BoNt products as well as academia. 

Keywords: botulinum neurotoxin, potency testing, LD50 test
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Chromium (Cr) is a naturally occurring heavy metal usually 
found in the environment in the trivalent Cr (III) or hexavalent 
Cr (VI) valence state. Chromium is used in numerous industrial 
processes and as a consequence it is a contaminant in many en-
vironmental systems. Besides, modern prostheses are made of 
metal articulating on metal (cobalt and chromium alloys). As 
metals in contact with biological systems undergo corrosion, 
these implants are associated with high levels of metals in the 
serum and blood of patients.

Using in vitro systems we evaluated the effects of the most 
toxic valence of Cr, i.e. Cr(VI), on human osteoblast cell lines 
(MG-63) exposed for different periods to this metal. the doses 
selected were in the range of the concentrations previously de-
tected in patients with metal implants (0.1 and 0.5 µM) and 10 
times greater [1 and 5 µM of Cr(VI)]. Putative induced genoto-
xicity (clastogenicity and ploidy level) was analysed using flow 
cytometry as described by e.g. Calejo et al. (2010), Oliveira et 
al. (2010). Also, cytostatic effects or changes in cell cycle dy-
namics were evaluated by flow cytometry. At physiological dos-
es, Cr(VI) did not affect cell proliferation or cell cycle progres-
sion. However, the concentration of 5 µM reduced cell division/
confluence and viability to about 70% of the control. Cell cycle 

progression was severely affected with significant decreases of 
cells in G0/G1 phase of the cell cycle and an increase of cells 
in S-phase and in G2. the cell proliferation activity index was 
assessed by the SPF (S-phase fraction) and PI (proliferation in-
dex) that may evaluate putative changes in the period necessary 
to complete a cell cycle (Sun et al., 2007), but may also demon-
strate the occurrence of cytostatic effects.  

these in vitro studies show that although chromium does not 
induce toxicity at physiological concentrations, it is able to in-
duce severe toxicity at slightly higher levels.
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Hypoxia-inducible factor-1α (HIF-1α) is a pro-survival tran-
scription factor that particularly promotes tumour angiogenesis 
by increasing the production of angiogenic factors, such as vas-
cular endothelial growth factor (VeGF). Here we present how a 

simple, cell-based approach for the identification of HIF-1 path-
way inhibitors was useful in the prediction of antiangiogenic 
effects of imidazoacridinones, a group of DNA-damaging an-
titumour alkylators. the most promising imidazoacridinone, 
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C-1311, is undergoing phase II clinical trails for breast cancer 
(Kuśnierczyk et al., 1994; Skladanowski et al., 1996).

Hif-1α DNA-binding activity was determined using an ELI-
SA with a double-stranded DNA probe encompassing the ca-
nonical HIF-1α binding site, hypoxia-responsive element (HRE 
sequence). In vitro studies were conducted on human colon 
adenocarcinoma HCt116 and mouse melanoma B16/F10 cells. 
Real-time PCR analysis was applied to determine HIF-1α and 
VeGF mRNA expression. Secretion of VeGF into conditioned 
media was examined using elISA. the mouse Matrigel assay 
and the alginate beads model with angiogenesis stimulated by 
encapsulated B16/F10 melanoma cells were used to test the ef-
fect of imidazoacridinones on angiogenesis in vivo (Hoffman et 
al., 1997; Passaniti et al., 1992).

We found that in a cell-free system C-1311 interfered with 
HIF-1α binding to an oligonucleotide containing the HRE se-
quence present in the VeGF promoter. In hypoxic human colon 
adenocarcinoma HCt116 and mouse melanoma B16/F10 cells, 
C-1311 significantly decreased HIF-1α mRNA and protein ex-
pression. Consistent with HIF-1α inhibition/depletion, C-1311 
(1-10 μM) markedly reduced the level of hypoxia-induced 
VeGF mRNA expression and protein secretion into the extracel-
lular medium. Based on these promising in vitro results, C-1311 
was subjected to further analysis in animals. At a single dose  
(40 mg/kg), C-1311 inhibited angiogenesis in vivo by 70%, mon-
itored as bFGF-stimulated vascularisation of Matrigel plugs in-
jected into mice. Of note, the observed decrease in haemoglobin 
content within Matrigel plugs was similar to that found for  
170 mg/kg cyclophosphamide used as a positive control for 
antiangiogenic effects. Antiangiogenic activity of C-1311 was 
further confirmed in experiments where angiogenesis was stim-
ulated by proangiogenic B16/F10 melanoma cells encapsulated 
in alginate beads and implanted into mice. Importantly, imi-

dazoacridinone C-1310, the second top putative HIF-1α DNA 
binding inhibitor, as revealed in experiments with the HRe 
probe, also reduced neovascularisation of alginate implants in 
mice; however this effect was less profound than that of the 
parental C-1311.

to conclude, using both cell-free and cell-based approaches, 
we identified C-1311 as a novel compound, that targets the hy-
poxia pathway by inhibiting HIF-1α. Importantly, C-1311-me-
diated inhibition of HIF-1α and VEGF in vitro correlated well 
with the suppression of angiogenesis in vivo, which emphasises 
the fact that simple in vitro screening for HIF-1-targeting drugs 
with concurrent evaluation of their inhibitory potential may be 
useful in predicting antiangiogenic properties of antitumour 
compounds.
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Alttox.org is a website dedicated to advancing non-animal 
methods of toxicity testing, both to better protect the health of 
humans, animals and the environment, and to reduce the num-
bers and suffering of animals used in current toxicology assess-
ments. the website is designed to encourage the exchange of 
technical and policy information on in vitro and in silico meth-
ods for all types of toxicity tests. the target audience includes 
stakeholders in industry, government, academia and nongovern-
mental organisations.

Alttox consists of three interconnected components:
• Online forum/message board – The AltTox Forum (moderators 

Martin Stephens, Grace Patlewicz, Horst Spielmann, Hajime 
Kojima) 

• An informational section on toxicity testing – Toxicity Testing 
Resource Center (TTRC) 

• Invited commentaries – The Way Forward
the Alttox Forum is a message board for the Alttox commu-
nity to use for posting news, information and perspectives as 
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Birth defects are a prominent problem, occurring in 6% of births, 
nationally. teratogens, or substances that cause one or more fe-
tal abnormalities in development, cause 5-10% of these defects. 
While animal models are currently used to predict developmen-
tal toxicity of drugs, they are costly, time-consuming and, most 
importantly, do not adequately correlate to human response. the 
overall ability of animal models to predict developmental toxic-
ity in humans can be as low as 62%. 

Stemina Biomarker Discovery, Inc. (Stemina) addresses 
these issues by using an in vitro method that utilises both hu-
man embryonic stem (heS) cells and metabolomics to discover 
metabolite biomarkers of developmental toxicity. As a proof-of-
principle experiment, heS cells in a 6-well format were exposed 
to five non-teratogens and seven teratogens. The spent media 
from the “dosed” cells was collected, filtered to exclude high 
molecular weight moieties, then analysed using liquid chroma-
tography electrospray ionisation quadrupole time of flight mass 
spectrometry (lC-eSI-QtOF-MS). Using statistical analy-
sis, a Random Forest predictive model was constructed using  

the small molecules analysed and this model was tested by  
performing a blinded study. Seven of the eight blinded drugs 
were predicted correctly, making the overall accuracy of the 
model 88%. 

Recent efforts have been made in the transfer of this low 
throughput format of this developmental toxicity model to a 
high throughput format. Instead of culturing and dosing heS 
cells in 6-well plates, 96-well plates were used. Six non-tera-
togens and eight teratogens were dosed on heS cells in order 
to form a new statistical model to predict drug teratogenicity. 
An initial blinded study was performed using the newly formed 
statistical model from the high throughput model by dosing heS 
cells with three non-teratogens and two strong teratogens. All 
five blinded drugs were predicted correctly, giving a prelimi-
nary accuracy figure of 100%. Future efforts are being made to 
perform another blinded study and to analyse the small mol-
ecules which are driving the model in order to arrive at potential 
biomarkers of developmental toxicity. 

Keywords: developmental toxicity, human embryonic stem cells, metabolomics, teratogenicity, biomarkers

well as encouraging feedback and commentary. this online 
community is intended to foster progress internationally in the 
development, validation and acceptance of in vitro methods, 
with the goal of decreasing our reliance on animal-based safety 
testing. the Forum is moderated by a group of internationally-
recognised subject matter experts.

the website's informational section – the ttRC – provides a 
comprehensive source of information on non-animal methods 
of toxicity testing not easily found anywhere else on the Web. It 
features concisely summarised information for anyone interest-
ed in toxicity testing and alternative (non-animal) test methods.

the Way Forward invited commentaries, which are posted in 
the ttRC, are opinion pieces written by experts in each relevant 
subfield. These essays are meant to help chart the course for 
future developments by advancing opportunities to overcome 
challenges and barriers to progress. Stakeholders are invited to 
comment on these essays in the Alttox Forum.

Alttox users are encouraged to contribute to the website and 
interact with other users in several ways, including:
• Participating in the online forum 
• Providing invited expert commentaries 
• Suggesting or submitting content, events, monthly features, 

data and graphics 
• Providing feedback through the “Website Feedback” survey
Future opportunities for participation may include online work-
shops and virtual meetings. Alttox is supported through a col-
laboration of the Procter & Gamble Company (P&G) and the 
Humane Society of the United States (HSUS). to encourage ob-
jectivity, the website content is overseen by an editorial board of 
distinguished subject matter experts. 

Alttox is sponsored by the Alternatives Research & Devel-
opment Foundation (ARDF), the American Chemical Council 
(ACC), Procter & Gamble (P&G) and the Humane Society of 
the United States (HSUS). 

Keywords: AltTox, alternative methods, website, in vitro toxicology, 3Rs
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Contact: tarmo.tamm@molcode.com

the roots of QSAR (Quantitative Structure-Activity Relation-
ships) can be found in late 19th century papers. However, only 
recently has QSAR gained enough reliability and trust to be used 
as a dependable tool for assessment of toxicology endpoints for 
regulative and a variety of other purposes. Based on the assump-
tions that all chemical activity is related to the structure (struc-
tural similarity gives rise to similar properties), QSAR relies 
on descriptors for the quantitative representation of chemical 
structures. QSAR models for toxicity predictions are construct-
ed from data obtained from past animal experiments, no further 
animal tests are required for toxicity assessment using QSAR.

At present, QSAR models have great importance in complet-
ing the data requirements under different eU Regulations and 
Directives (Chemicals, Cosmetics, Biocides, etc.). eC Regula-
tion 1907/2006 (ReACH Regulation), which affects all of the 
chemical industry over the whole supply chain, states in its Ar-
ticle 1: the purpose of this Regulation is to ensure a high level 
of protection of human health and the environment, including 
the promotion of alternative test methods for assessment of haz-
ards of substances. QSAR, as one of the most potent alterna-
tive methods, may be used instead of testing when results are 
derived from a QSAR model whose scientific validity has been 
established when the substance falls within the applicability 
domain of the QSAR model and results are adequate for the 
purpose of classification and labeling and/or risk assessment 

(Annex xI). During the period 2010-2018 more than 150,000 
chemicals should be registered under the ReACH Regulation. 
this will require a number of studies and a lot of resources – 
time, finance, personal and laboratory animals (for example for 
OeCD tG 453, 480 laboratory rats are used, duration of study 
is 2 years and cost € 1 million). the use of QSAR models will 
considerably reduce the time and cost and save large numbers 
of animal lives. 

the validation of the models has been the crucial issue 
throughout the history of QSAR. Validation – both statistical 
and by scientific peer-review – can be the only guarantee for 
meaningful predictions. Recently, the Joint Research Center 
(JRC) has been trying to standardise and validate QSAR Mod-
els. Molcode – an international comp-chem and biotech com-
pany has pioneered in the attempt to have their QSAR models 
peer reviewed and validated with the JRC. Currently Molcode 
has over 25 models (by far the largest number), both linear and 
nonlinear, published with the JRC and validated for ReACH 
application and other purposes.

In the presentation, the quality control in the process of col-
lecting data, building statistical models and the different steps 
for validation, as well as the quality of predictions based on the 
unique Molcode QSAR technology and years of experience will 
be discussed.

Keywords: QSAR, validation

Lecture in Session III: Skin sensitisation and eye irritation

Development, refinement and combination of in vitro 
assays to hurdle skin sensitization complexity 
Silvia Martinozzi Teissier
l’Oréal (Aulnay sous Bois) (FR)

Contact: steissier@rd.loreal.com

Contact sensitizers are reactive molecules (haptens) that have 
the ability to modify skin proteins to form an antigen which will 
be recognised by specific T cells activated during the sensitiza-
tion process. In addition to the haptenation mechanism, contact 
sensitizers induce several phenotypic and functional changes of 
dendritic cells (DC) either directly or indirectly through inter-
cellular signaling pathways implicating keratinocytes (KC), 

fibroblasts and other skin cells. This rather complex and still 
unraveled maturation process of DC induced by contact sen-
sitizers allows them to migrate to the lymph node, present an-
tigen and efficiently prime hapten-specific T cells. A range of 
in vitro methods have been developed, each of which is based 
on distinct events of the immunobiology of skin sensitization, 
like chemical reactivity assays (DPRA, GSH assay, others…), 
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which reflect the haptenation mechanism, and DC-based as-
says (MUSSt, hClAt), which measure DC maturation markers 
(CD86, CD54).

Due to the complexity of the sensitization process it is now 
commonly agreed that hazard identification and risk assess-
ment could only be addressed by combining a battery of as-
says. Such a combination should cater for the physicochemical 

diversity of ingredients. therefore it is crucial to (i) charac-
terise the applicability domains of each assay, (ii) better un-
derstand the mechanistic links between the different endpoints 
evaluated by those assays and (iii) identify the gaps in terms of 
events of skin sensitization that need to be evaluated through 
further assay development. All these aspects will be illustrated 
in the presentation.

Lecture in Session III: Skin sensitisation and eye irritation

In vitro safety assessment of cosmetic products:  
investigation of new endpoints for eye irritation 
Marisa Meloni
VitroScreen, In Vitro Research laboratory (Milan) (It) 

Contact: marisa.meloni@vitroscreen.com

Cosmetic industry is working to assure a more accurate, sen-
sitive and predictive safety assessment of finished products in 
order to comply with the new incoming european cosmetic 
regulation asking for deeper and robust testing and reporting on 
finished products. 

linked to the complexity of both the eye irritation mecha-
nism (involving the corneal epithelium, the conjunctiva and iris) 
and the cosmetic formulations and also for ethical reasons, the 
safety assessment of cosmetic products for their eye irritation 
potential is a complicated issue.

the role of corneal epithelium is crucial because it represents 
the first line of defence against many types of injury, trauma and 
infection and contributes to the maintenance of corneal trans-
parency and rigidity. In vitro Reconstituted Human Corneal 
epithelial models are under a validation process in eCVAM for 
discriminating non classified from classified chemicals for their 
eye irritation potential.

We previously showed (Pauly et al., 2009; Meloni et al., 
2010) the occludin gene expression to be an early and relevant 
biomarker for eye irritation potential. this membrane protein 

associated to tight junctions appears to play a regulatory rather 
than a structural function in tight junctions and could be an early 
marker of physical disorder and damage, suggesting that occlu-
din transcriptional activity could be a valuable tool for in vitro 
eye irritation assessment. 

By performing dynamic exposures (6 h, 24 h, 72 h and post 
incubation) and testing complementary end-points (cell viabil-
ity, TEER measurement, histology, IL-8 release) on defined 
concentrations of BAK and several tear substitutes, the toxicog-
enomic approach has been confirmed to be a valuable and prom-
ising tool for in vitro eye irritation assessment with the power 
to detect mild irritants and subclinical eye irritant potential from 
non classified chemicals.

Application to the assessment of cosmetic products (mascara 
and surfactants) will be presented.

References
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Risk assessment for nanotoxicology:  
animal welfare aspects
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Due to their special properties like altered physical properties 
or new behaviour in the interaction with biomaterials, manu-
factured nanomaterials (MN) are becoming more and more im-
portant in science, technology and commerce. Funding for new 
projects already is in the range of billions of € per year. An 
ever increasing number of products is available on the market 
and consumers may already be directly exposed to MN in their 
everyday life. 

But what makes MN special may also pose serious risks for 
human health and for the environment. these risks are likely to 
depend on many more factors than those normally considered 
in safety assessments for bulk scale materials. For example, 
MN may possess the ability to penetrate cell membranes and/
or interact with DNA molecules. Furthermore, MN of the same 
substance but produced by different manufacturers show sub-
stantially different properties. 

the current methods employed to observe the toxicity of na-
noparticles mainly focus on the use of animals. Results point 
to serious adverse effects on the health of the species tested in 
some of these studies, but animal tests have limited value in pre-
dicting effects on humans. there are numerous basic nanomate-
rial-specific scientific problems related to in vivo experimenta-
tion. Practical problems include challenges related to tracking 
nanoparticles in vivo and delivering a relevant dose to animals. 
In addition, differences in anatomy, physiology, biochemistry, 
metabolism and pharmacokinetics make the extrapolation of 
test data between species, gender and breed of animals (includ-
ing humans) very difficult. 

It would be a grave mistake and a waste of time and resources 
to rely on adapting common in vivo methods that have been 
developed decades ago for risk assessment to the use on nano-
materials. Such methods were developed decades ago for bulk 
scale materials, and numerous scientific problems are already 
known. Furthermore, their suitability for toxicity testing of MN 
has never been scientifically approved, and no historical data 
exist. Instead, efforts should be undertaken to develop and vali-
date animal-free test strategies. 

to gain human-relevant results and to circumvent suffering of 
animals, non-animal tests offer several advantages. they repre-
sent the most recent advances in biotechnology compared to out-
dated in vivo methods. In vitro methods are already developed 
in related modern fields, such as particulate matter toxicology, 
that appear to be applicable to nanotechnology with some ad-
justment. they avoid species differences by using human cells 
or sub-cellular components. High-throughput systems allow the 
rapid and cost-effective testing of multiple nanomaterials at the 
same time, allowing the assessment of differences in mode of 
action and toxicity of nanomaterials of the same substance but 
produced by different manufacturers. 

the German Animal Welfare Federation and its 800,000 
members demand that current and future research and innova-
tion efforts be focused on the promotion, development and vali-
dation of non-animal test methods and testing strategies for the 
safety testing of nanomaterials. Consistent with related euro-
pean legislation like ReACH, the replacement and reduction of 
animal experimentation should be the main objective.

Keywords: manufactured nanomaterials, nanotoxicology, animal experimentation, alternative methods

Lecture in Session AXLR8 ‘21st Century Toxicology’ Info Forum

VITROCELLOMICS – Reducing animal experimentation 
in preclinical predictive drug testing by human hepatic 
in vitro models derived from embryonic stem cells  
Carl-Fredrik Mandenius
linköping University (linköping) (Se)

Contact: cfm@ifm.liu.se

the objective of the VItROCellOMICS project has been to 
establish stable cell lines that reliably reflect human hepatic 

properties by the development of in vitro models derived from 
human embryonic stem cells (heSC). the aim has been to de-
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liver in vitro models that are so reliable that they can be used 
by the pharmaceutical industry in order to replace experimen-
tal animals in investigations on liver toxicity, drug metabo-
lism, uptake and efflux properties of compounds in the drug 
discovery and development processes. In the pharmaceutical 
industry reliable in vitro cell models have potential to replace 
current techniques and animal experimentation in the selection 
and optimisation of lead compounds and in documentation of 
a selected drug candidate before it enters clinical phases.

the experimental design of the project involved improve-
ment of culturing procedures to direct heSC differentiation 
towards a mature hepatocyte phenotype and expansion and 
handling of the derived hepatocytes. this work also included 
identification of hepatocyte markers and a thorough character-
ization of the hepatocyte phenotype of cells after undergoing 
the new differentiation protocols (Synnergren et al., 2009). 3D 
bioreactor culture procedures were developed and adapted in 
order to further improve hepatic functionality over longer time 
spans, and miniature bioreactors were developed to increase 
capacity for high-throughput screening (Gerlach et al., 2010; 
Miranda et al., 2009). Methods to assess metabolism of drugs, 
clearance and induction of liver enzymes (CYPs) were evalu-
ated and adapted (Niklas et al., 2009). established assays for 
toxicity were evaluated with reference hepatocytes for com-
parisons with the heSC-derived hepatocytes, and new biosen-
sor technologies were evaluated for use in toxicity screening. 
the comparative studies of hepatocytes derived from heSC 
with established in vitro models and hepatocyte reference cell 
types were carried out in order to validate the new models and 
methods. the biosensor technologies include the optical sens-
ing of oxygen for the measurement of respiration. Respiration 
can be correlated to viability of the cells (Noor et al., 2009). 
this method is used for non-invasive dynamic monitoring of 
effects of tested drugs. the method is correlated with com-

monly used toxicity assays. An example of another optical 
biosensing method developed in the project with potential for 
pre-validation was multi-wavelength fluorescence spectros-
copy (Fritzsche et al., 2009). 

the presentation will give a brief overview of the accom-
plished results of the project and provide some recommenda-
tion for further actions.
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One major document concerning animal welfare in the euro-
pean Union is the statistical report entitled “Statistics on the 
Number of Animals used for experimental and other Scien-
tific Purposes in the Member States of the European Union”. 
Despite or because of its great complexity it is generally only 
used to quote large numbers of “used” animals and standard 
statistics. But these statistics contain much more information 

that can be used to enhance the understanding of current ani-
mal use with regard to the 3Rs. However this is not presented 
in an adequate and accessible way. 

to evaluate this information according to its importance 
we have performed an analysis of different aspects of these 
statistics. Use of specific animals, areas of use and changes 
over time on different calculation bases (intra-, inter- or me-
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tanational) were performed and are presented graphically. Fur-
thermore some unique derivates, e.g. the numbers of animals 
used per capita, illustrate the differences between the different 
Member States. 

Despite its status as an official document, the report contains 
some minor and major errors, like differences in calculation 

from 10 to 100.000. the statistical data is corrected as far as 
possible and errors are highlighted. For the future a complete 
compendium of corrected statistical data, with former mis-
calculations highlighted, and an adequate graphic interactive 
presentation to facilitate accurate interpretation and use is en-
visaged.

Keywords: analysis, statistical data, European animal use
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Growing cells in vitro has become a key technology to assess 
biological responses of substances regarding their efficacy and 
toxicology. In recent years protocols to culture most primary 
cells and cell lines have been established. However the current 
standard culture format, growing cells in monolayer, does not 
reflect the 3-dimensional structure and cell composition in a tis-
sue and leads to an altered phenotype and thereby altered func-
tionality. 

Microscale tissue engineering provides new strategies to re-
flect cellular structure and function more closely in a format 
which enables high throughput analysis. We developed a plat-
form technology based on the hanging drop method, facilitating 
the introduction of organotypic 3D cell culture devoid of any 
foreign material straight into established processes. the 96-well 
GravityPlus plates can be processed similar to normal monolayer 
cultures in a high throughput process. Applying our technol-

ogy, microtissues from primary cell sources, such as hepatic, 
neuronal, myocardial tissues or tumor tissues, from cell lines 
as well as co-culture models can be produced. For example,  
dissociated primary rat and human hepatocytes reform within 
3-5 days to liver-like microtissues. Over time albumin secretion 
increases, indicating maturation of hepatocytes within the mi-
crotissue format. Cytochrome P450 activity (Cyp3A) remains 
high over 14 days and induction of activity by dexamethasone 
results in over 20x increased CYP3A4 activity. 

the GravityPlus technology enables the production of highly 
functional microtissues from a wide range of cell types. togeth-
er with its high-throughput capabilities based on the standard 
96-well format, the GravityPlus system represents a highly in-
teresting alternative to in vivo testing for compound efficacy and 
toxicity.

Keywords: scaffold free 3D-culture, organotypic microtissues, hepatoxicity testing, high-throughput drug screening
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