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INTRODUCTION 

In 1959, William Russell and Rex Burch published 
their book, The Principles of Humane Experimen-
tal Technique (Russell and Burch, 1959), in which 
they put forward the Three Rs (3Rs) concept (re-
duction, refinement and replacement) in relation to 
the humane treatment of experimental animals. 
Their concept was little recognised outside the UK 
for about 20 years, until the animal welfare move-
ment, the general public, some committed politi-
cians and, finally, the international scientific com-
munity, raised concerns about the suffering of ex-
perimental animals. The Three Rs concept has be-
come the generally accepted scientific basis of in-
stitutions serving the development of alternatives 

to animal experiments. In 1989 ZEBET (National 
Centre for Documentation and Evaluation of Al-
ternative Methods to Animal Experiments = Zen-
tralstelle zur Erfassung und Bewertung von Ersatz- 
und Ergänzungsmethoden zum Tierversuch) was 
established at the Federal Health Institute BGA as 
the first government agency promoting the devel-
opment and validation of non-animal testing pro-
cedures. In 1993 the EU followed this example by 
establishing ECVAM (European Centre for the 
Validation of Alternative Methods) at the Joint 
Research Centre (JRC) in Ispra (Italy), in 1997 the 
federal government agencies of the USA formed 
ICCVAM (Interagency Coordinating Center for the 
Validation of Alternative Methods) and in 2005 the 
Japanese government has established JaCVAM 
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(Japanese Centre for the Validation of Alternative 
Methods) at the National Institute of Health in To-
kyo. 

The activities of these institutions focuses on 
replacing regulatory animal tests that have to be 
conducted to identify the toxic properties of 
chemicals to which humans or the environment are 
exposed, when the chemicals are used in a specific 
product or for a specific purpose. These tests have 
been criticised since the exposure of test animals to 
hazardous chemicals may lead to considerable suf-
fering and even death of the animals. In Europe 
these activities were driven by the cosmetics and 
chemicals policies, which are aimed at replacing 
the anima tests within the next decade by advanced 
non-animal testing procedures. The German minis-
try for education and research (BMBF, Bundes-
minsiterium für Bildung und Forschung) has for 
the past 20 years provided substantial funding to 
research aimed at replacing testing in animals for 
regulatory purposes. The European Commission 
has since 1990 sponsored research according to the 
3Rs in several of its framework programs. Within 
the program of policy supporting research the 
European Commission has more recently assigned 
a substantial amount of funding in the life sciences 
to research on the development and validation of 
alternative methods for regulatory safety testing of 
drugs, cosmetics, pesticides and other chemicals.  

The 3-Rs concept has proven successful in 
reducing the suffering of laboratory animals used 
in regulatory safety testing. At the international 
level the harmonisation of test guidelines has 
proven successful to reduce safety testing in ani-
mals for regulatory purposes. However, it is still a 
scientific challenge to replace a given regulatory 
animal test by a non-animal test that must provide 
sufficient information for the safety assessment of 
chemicals. Meanwhile there are a few examples 
proving that regulatory animal tests can in deed be 
replaced, when the mechanistic basis of the spe-
cific area of toxicology is well understood and an 
appropriate in vitro model is available. Using the 
validation of the 3T3 NRU in vitro phototoxicity 
test as an example, it will be illustrated how the 
first non-animal toxicity tests was experimentally 
validated for several years and accepted for regu-
latory purposes by EU Member States and in the 
year 2004 even at a world-wide level by the OECD. 
Examples will also be given how animal tests in 
the pharmacopoea were replaced by advanced 
non-animal methods. 

Legal framework in Europe for developing al-
ternatives to animal experiments  
According to article 7.2 of EU Directive 
86/609/EEC (EU Commission 1986) on the use of 
experimental animals “an experiment shall not be 
performed if another scientifically satisfactory 
method of obtaining the result sought, not entailing 
the use of an animal, is reasonably and practicably 
available”. Moreover, in the same Directive it is 
proposed in article 23 that “the Commission and 
Member States should encourage research into the 
development and validation of alternative tech-
niques which could provide the same level of in-
formation as that obtained in experiments using 
animals, but which involve fewer animals or which 
entail less painful procedures, and shall take such 
other steps as they consider appropriate to en-
courage research in this field. The commission and 
Member States shall monitor trends in experimen-
tal methods”. The German animal welfare legisla-
tion (Tierschutzgesetz) is taking into account the 
principles of EU Directive 86/609/EEC as far as 
the protection of laboratory animals is concerned. 

To promote the implementation of the EU 
Directive 86/609/EEC on the use of experimental 
animals the European Commission and several 
Member States have established centres for the 
validation of alternative methods, e.g. in 1989 
ZEBET, the German centre for the documentation 
and evaluation of alternative methods, was estab-
lished at the Federal Health Institute BGA in Ber-
lin and in 1993 ECVAM, the European Centre for 
Validation of Alternative Methods, was established 
at the Joint Research Centre (JRC) in Ispra, Italy. 
In the UK FRAME had already been established 
before EU Directive 86/609/EEC had been adopted 
and in the Netherlands, the National Centre for 
Alternatives (NCA) was established in 1992 in the 
National Institute of Health (RIVM) in Bilthoven. 
However, after ECVAM had been established in 
1993, none of the other EU Member States has 
established a national centre for the promotion of 
alternatives to testing in animals, while more re-
cently, in the year 2001, in Poland Vitryna, the Na-
tional Centre for Alternatives, started its activity at 
the Nofer Institute for Occupational Health in 
Lodz. 

In the USA several institutions serving the 
development of alternative methods have been es-
tablished during the past two decades: in 1981 the 
Johns Hopkins University alternatives centre 
CAAT (Center for Aternatives to Animal Testing) 
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in Baltimore, in 1997 Institute for In Vitro Sci-
ences in Gaithersburg (MD) and in 1998 the vali-
dation centre of the federal government ICCVAM 
(Interagency Co-ordinating Center for the Valida-
tion of Alternative Methods) in Washington DC. 
Finally in 2005 the government Japanese Valida-
tion Center JaCVAM was established at the NIH in 
Tokyo. 

To give an example of the duties assigned to 
validation centres, the national German centre 
ZEBET is serving the following mission: 

 to establish a database & information service 
on alternatives at the national and international 
level 

 to develop alternatives according to the 3Rs 
principle of Russel and Burch 

 to fund research on alternatives 

 to co-ordinate validation studies 

 to co-operate with national & international 
funding agencies and validation centres 

 to provide a forum for information on alterna-
tives to animal testing. 

At the Federal Institute for Risk Assessment 
BfR ZEBET’s main activity is the reduction of 
animal tests conducted for regulatory purposes. 
The EU validation centre ECVAM is also focusing 
its activity on reducing regulatory safety testing in 
animals and the US validation agency ICCVAM is 
serving a similar mission. ECVAM and ZEBET 
have funds to support the development and valida-
tion of alternative methods, while ICCVAM has so 
far limited its activity to evaluate the results of 
validation studies conducted elsewhere. 

 

Cell and tissue culture systems used in phar-
macology and toxicology 

Culturing cells is the most widely used in vitro 
method in pharmacology and toxicology. Cells are 
either used as permanent cell lines or as freshly 
obtained "primary cultures". Co-cultures of two or 
more cell types are expressing organ-specific func-
tions even better, e.g. human keratinocytes and 
fibroblasts in bioengineered human skin models. 
Today human skin models are commercially 
available and they have been used successfully to 
investigate pharmacology and toxicology of new 
drugs and cosmetics. This example illustrates that 
human tissues and tissue models are the most 
promising tools in drug development. However, we 
have to keep in mind that each cell and tissue cul-

ture model has its inherent limitations, which are 
usually identified in validation studies. 

In primary cultures organ-specific properties 
are well conserved. Primary liver cells both from 
humans and test animal are widely used in drug 
metabolism studies. Permanent cell lines are easy 
to handle and can be obtained from cell banks in a 
high quality. 

Molecular genetics allow to develop perma-
nent cell lines expressing molecules of interest and 
thus opening a new perspective for cell culture 
methods in pharmacology and toxicology. Trans-
genic cells can express genes coding for receptor 
molecules on their surface or genes coding for 
drug metabolising enzymes within the cytosol. The 
genes introduced may even be of human origin. 

Advantages and limitations of in vitro systems 
are summarised in Table 1. Today in vitro systems 
are the basis for studying the effects of drugs and 

Table 1 
 
ADVANTAGES AND LIMITATIONS OF IN VITRO
TEST SYSTEMS 
 

Advantages of in vitro systems 
 controlled testing conditions 
 reduction of systemic effects  
 reduction of variability between experiments 
 the same dose range can be tested in a variety of

test systems (cells and tissues) 
 time-dependent studies can be performed and

samples taken 
 testing is fast and cheap 
 very small amount of test material is required 
 limited amount of toxic waste is produced 
 human cells and tissues can be used 
 transgenic cells carrying human genes can be

used 
 reduction of testing in animals 
 
limitations of in vitro systems 
 systemic effects and side effects cannot be

evaluated 
 interactions between tissues and organs cannot

be tested 
 metabolism is limited  
 pharmacokinetic effects cannot be evaluated 
 specific organ sensitivity cannot be assessed 
 chronic effects cannot be tested 
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other chemicals as shown in Figure 1. They are 
used in the first place for screening purposes and in 
mechanistic studies. Animal studies take consid-
erably longer and they are more expensive. How-
ever, until today only studies in animals allow to 
investigate systemic effects of exposure to chemi-
cals. It must also be taken into account that studies 
in animals are used as surrogates for studies in 
humans. Thus only clinical studies in humans can 
provide the final prove that a new drug is effective 
in humans. It also has to be taken into account, that 
clinical studies in patients are even more expensive 
than studies in animals and they are more time 
consuming. 

 

The assessment of adverse effects of chemical 
can to date only to a limited extent be monitored 
by in vitro systems. Although there are in vitro 
systems that allow to predict local effects of 
chemicals when applied to the skin, e.g. irritation 
and phototoxicity, even the most sophisticated tests 
or test batteries cannot yet be used to predict sys-
temic effects. 

 

Metabolising systems 

A general disadvantage of cell and tissue culture 
systems is their limited metabolising capacity. 
Drug metabolising cells or subcellular systems can 
be added to cultures to overcome this problem. For 
example, hepatocytes losing rapidly their meta-
bolic capacity. The following approaches have 
been successfully used to improve the metabolis-
ing capacity of in vitro systems: 

 active liver microsome fractions from the rat, 
e.g. the standard "S-9 mix" used in the AMES 
test; 

 freshly isolated hepatocytes from humans and 
other mammalian species; 

 co-cultures of hepatocytes and supporting liver 
cells essential to metabolise xenobiotics, e.g. 
bile duct epithelia; 

 liver slices; 

 hepatoma cell lines; 

 transgenic permanent cell lines expressing spe-
cific isozymes of human cytochrome P-450. 

In addition, ex-vivo metabolites from exposed 
patients or animals can be added to cultures. Since 
transgenic cells do not contain the same set of 
regulating genes as for example human liver cells, 
the expression of human cytochrome P-450 in 
transgenic cells may be regulated differently. A 
more general disadvantage of the use of metabo-
lising systems is the lack of standardisation among 
laboratories. 

Although in vitro systems can only to a lim-
ited extent be used in toxicity testing, they are un-
doubtedly offering benefits (Table 1). Two aspects 
are important: Due to their limitations, in vitro 
systems allow to focus on specific mechanisms and, 
secondly, studies can be conducted on human cells 
and tissues. Finally, the toxicity of highly toxic 
chemicals, e.g. TCDD and dioxins, can be con-
ducted on human cells, tissues and organs without 
any ethical considerations. 

 

Decrease in experimental animal numbers dur-
ing the past decade in Europe as illustrated by 
the situation in Germany 

EU Directive 86/609/EEC has in 1989, for the first 
time allowed government authorities in EU Mem-
ber States to collect test animal numbers according 
to a standardised procedure (European Commis-
sion 1986). Since 1989 the annual numbers of ex-

 

Figure 1  
The role of in vitro studies in pharmacology
and toxicology 
Today both in drug development and in toxicology
experimental investigations are starting with in vitro
studies. As the next steps studies in animals are
conducted. If the results are still promising, clinical
studies on a limited number of patients have to be
conducted before a new drug can be released on
the market. Epidemiological studies on a repre-
sentative population will provide the final proof of
efficacy and die effects of a new drug. 
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perimental animals in Germany have decreased 
from 2.7 Mio. in 1989 to 2 Mio. in the year 2004. 
A closer analysis shows that the decrease was pre-
dominantly due to a reduction in animal numbers 
used for the development of drugs, which went 
down by more than 50% in 15 years from 1.4 Mio 
in 1989 to 0.5 Mio in 2004. The decrease is even 
more impressive, when taking into account earlier 
data provided by the German association of drug 
manufacturers, which show that in 1977 4.4 Mio. 
experimental animals had been used for the devel-
opment and safety testing of new drugs in Ger-
many (Figure 2) (BPI 1981). 

This dramatic decrease in laboratory animal 
numbers is not due to the high priority, which EU 
Directive 86/609 gives to the development of in 
vitro alternatives but to the general change of 
methodology in the life sciences from animal 
models to molecular biology and genetics includ-
ing cell and tissue culture models. In the field of 
drug development the new technology allows high 
throughput screening (HTS) of thousands of new 
drug candidates. This approach is, of course, more 
predictive, faster and cheaper than animal models, 
which had successfully been used for drug devel-
opment in the past. However, at the same time it 
has proven extremely difficult to reduce animal 
numbers in regulatory safety test-
ing by non-animal methods, since 
the established endpoints in toxic-
ity tests in laboratory animals are 
usually organ specific and cover-
ing endpoints that are quite simi-
lar to the situation in humans. 

 

Reducing animal numbers in 
regulatory testing by interna-
tional harmonisation of test 
guidelines 

For the past 30-40 years toxicity 
testing has been developed em-
pirically in many laboratories 
around the world. For a given 
specific area of toxicology, e.g. 
eye and skin irritation or em-
bryotoxicity, the standard animal 
procedures differed considerably 
between countries, e.g. as far as 
species, regimen of treatment, 
numbers of animals per treatment 
group etc. In addition, the way in 
which the information from a 

specific animal test for classification and labelling, 
e.g. the Draize eye test, was used in different ways 
by regulatory agencies in various countries and 
even by different agencies of one country. 

Harmonisation of OECD guidelines for the testing 
of chemicals 

The international harmonisation of toxicity tests by 
the OECD in 1982 (OECD 1982) was the first, and 
so far, the most effective step in reducing duplica-
tion of testing in animals for regulatory purposes, 
since a toxicity test conducted according to the 
OECD guidelines will be accepted by regulatory 
agencies in all OECD Member States. The 30 
Member States of the OECD are the world’s major 
industrial nations. A similar approach has thereaf-
ter been used for the safety and efficacy testing of 
drugs by the International Conference on Har-
monisation (ICH) (D’Arcy and Harron, 1995), 
which represents the three major economic regions, 
namely Europe, Japan and the USA. Since 1990, 
the ICH has accepted harmonised guidelines for 
efficacy and safety testing of drugs and medicines, 
including animal tests. Again, the harmonisation of 
test guidelines has led to significant reduction of 
testing in animals, since regulatory agencies 
around the world now accept the results of a test 
conducted according to ICH guidelines. 

 

Figure 2
Test animal numbers used by the German drug industry
1977-2004 
The data for 1977 were collected by the German Drug Manufacturers 
Association (Bundes-verband der Pharmazeutischen Industrie, BPI) 
and the data for 1989 and 2004 were officially compiled by the Ger-
man Federal Minister of Agriculture according to EU Directive 
86/609/EEC). 
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Table 2 summarises the most important areas, 
which require safety testing in animals, and in 
which the test guidelines have been harmonised at 
the international level. Table 2 shows that in addi-
tion to drugs, industrial chemicals and pesticides, 
international test guidelines have also been harmo-
nised for hormones and biologicals by the phar-
macopoeias and for vaccines by the WHO. So far 
the harmonisation of international test guidelines 
for toxicity and safety testing has been the most 
successful approach to reduce animal testing for 
regulatory purposes. 

 

Principles of scientific validation: the Amden 
validation workshops 

Regulators will only accept alternatives to animal 
tests in toxicology, if the new tests will allow them 
to classify and label chemicals in the same way as 
the current animal tests. The OECD has therefore 
decided that in vitro toxicity tests can be accepted 
for regulatory purposes only after a successful ex-
perimental validation study. To approach this 
problem scientifically, European and American 
scientists agreed in 1990 in Amden, Switzerland, 
on a definition of experimental validation and the 
essential steps in this process. At this workshop, 
validation was defined as “the process by which 

reproducibility and relevance of a toxicity testing 
procedure are established for a particular pur-
pose” (Balls et al., 1990), regardless of whether 
the method is an in vitro or in vivo test.  

The four essential steps of the experimental 
validation process were defined in the following 
manner: 

1 Test development in a single laboratory 

2 Experimental validation under blind conditions 
in several laboratories 

3 Independent assessment of the results of the vali-
dation trial 

4 Regulatory acceptance. 

Steps 2 and 3 are the essential part of a formal 
validation study conducted for regulatory purposes. 
The report of the 1st Amden workshop on valida-
tion (Balls et al., 1990) encouraged scientists to 
initiate several international validation studies. 
Since the Draize eye test has been the most widely 
criticised toxicity test, a world-wide validation 
study on 9 alternatives to the Draize eye test was 
co-ordinated by the EU and the British Home Of-
fice. However this and other extensive interna-
tional validation attempts failed (Balls et al., 
1995a). 

Therefore, the leading scientists involved met 
for a 2nd validation workshop in Amden in 1994 to 
improve the concept of the validation procedure. 
The 2nd Amden validation workshop recom-
mended the inclusion of new elements into the 
validation process (Balls et al., 1995b), which had 
not sufficiently been identified in the 1st Amden 
validation workshop. The following three essential 
elements were recommended: 

 

 

1. The definition of a biostatistically based predic-
tion model;  

2. the inclusion of a prevalidation stage between 
test development and formal validation under blind 
conditions; and  

3. a well-defined management structure.  

As to in vitro tests, a prediction model should 
allow the prediction of in vivo endpoints in animals 
or humans from the endpoints determined. The 
prediction model must be defined mathematically 
in the standard operation procedure of the test that 
will undergo experimental validation under blind 
conditions with coded chemicals (Balls et al., 

 
INTERNATIONAL HARMONISATION OF
GUIDELINES FOR TOXICITY TESTING IN ANIMALS
 

 Industrial chemicals, pesticides, cosmetics,
food additives etc.  
OECD-Guidelines for the Testing of Chemicals 

 Drugs and medical devices 
International Conferences on Harmonisation (ICH)

 Safety and efficacy of hormones and biologi-
cals 
Pharmacopoeias (European and US Pharmaco-
poeia) 

 Vaccines and other immunologicals 
WHO recommendations, European and US
Pharmacopoeia  

 

Table 2  
International harmonization of guidelines for
toxicity testing 
The table summaries the different fields of safety
testing, for which international harmonization was
implemented both for economical reasons, to re-
duce to reduce the cost of testing, and for ethical
reasons, to reduce suffering of laboratory animals.
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1995). In order to assess the limitations of a new 
test before it will be evaluated in a validation study, 
the test should be standardised in a prevalidation 
study with a few test chemicals in a few laborato-
ries (Curren et al., 1995). This will ensure that the 
in vitro test method, including the prediction model, 
is robust and that the formal validation study with 
coded chemicals is likely to be successful. Finally, 
the goal of a validation study has to be defined 
clearly, and the management structure has to en-
sure that within the study the scientists who are 
responsible for essential tasks can conduct their 
duties independently from the sponsors and the 
managers of the study, e.g. biostatistical analysis, 
and the selection, coding and shipment of the test 
chemicals. 

The improved concept of experimental vali-
dation for regulatory purposes defined in the 2nd 
Amden workshop was accepted by ECVAM, in 
1995, and in 1996 by US regulatory agencies 
(NIEHS 1997) and also by the OECD (1996). After 
this agreement at the international level, scientists 
have tried to follow the ECVAM/US/OECD prin-
ciples for validation in new validation trials. The 
improved validation concept was immediately in-
troduced into ongoing validation studies, e.g. the 
ECVAM/COLIPA validation study on in vitro 
phototoxicity tests and the ECVAM validation 
study of in vitro skin corrosivity test. After these 
validation studies had been finished successfully,  
the two new methods were accepted as the first in 
vitro toxicity tests at the international level for 
regulatory purposes by the EU Commission in 
2000 (EU Commission 2000a, 2000b) and by the 
OECD in 2004 (OECD 2004a, 20004b). 

 

Regulatory acceptance of the successfully vali-
dated 3T3 NRU in vitro phototoxicity test at a 
world-wide level by the OECD in 2004 

Since no standard guideline for the testing of 
photoirritation potential, either in vivo or in vitro, 
had been accepted for regulatory purposes at the 
international level by the OECD, in 1991, the 
European Commission (EC) and the European 
Cosmetics, Toiletry and Perfumery Association 
(COLIPA) established a joint program to develop 
and validate in vitro photoirritation tests. In the 
first phase of the study, which was funded by DG 
XI of the EC and co-ordinated by ZEBET, in vitro 
phototoxicity tests established in laboratories of 
the cosmetics industry were evaluated and also a 
new assay, the 3T3 NRU PT test, which is a 

photo-cytotoxicity test using the mouse fibroblast 
cell line 3T3 and neutral red uptake (NRU) as the 
endpoint for cytotoxicity. 

In the prevalidation study conducted with 20 
test chemicals quite unexpectedly, the 3T3 NRU 
PT in vitro phototoxicity test was the only in vitro 
test in which all of the 20 test chemicals were cor-
rectly identified as phototoxic or non-phototoxic 
(Spielmann et al., 1994). Quite independently, a 
laboratory in Japan subsequently obtained the 
same correct results in the 3T3 NRU PT, when 
testing the same set of 20 test chemicals. 

In the second phase of the study, which was 
funded by ECVAM and co-ordinated by ZEBET, 
the 3T3 NRU PT test was validated with 30 care-
fully selected test chemicals in 11 laboratories in a 
blind trial. A representative set of test chemicals 
covering all major classes of phototoxins was se-
lected according to results from standardised pho-
topatch testing in humans (Spielmann et al., 1998a). 
The results obtained in this in vitro test under blind 
conditions were reproducible, and the correlation 
between in vitro and in vivo data was almost per-
fect. Therefore, the ECVAM Scientific Advisory 
Committee (ESAC) concluded in 1998, that the 
3T3 NRU PT is a scientifically validated test 
which is ready to be considered for regulatory ac-
ceptance (ESAC 1998). However, the EU expert 
committee on the safety of cosmetics, the Scien-
tific Committee on Cosmetology and 
Non-Food-Products (SCCNFP), criticised that an 
insufficient number of UV-filter chemicals (widely 
used as sunblockers) were tested in the formal 
validation study. In a subsequent blind trial on UV 
filter chemicals, which was again funded by 
ECVAM and co-ordinated by ZEBET, the photo-
toxic potential of all test chemicals was predicted 
correctly in the 3T3 NRU PT in vitro phototoxicity 
test (Spielmann et al., 1998b). Therefore, in 1998, 
the EU, having accepted the 3T3 NRU PT test as 
the first experimentally validated in vitro toxicity 
test for regulatory purposes, officially applied to 
the OECD for world-wide acceptance of this in 
vitro toxicity test. In 2000 the European Commis-
sion has officially accepted and published the 3T3 
NRU PT phototoxicity test in Annex V of Directive 
67/548 EEC on the Classification, Packaging and 
Labelling of Dangerous Substances (EU Commis-
sion 2000b). Thus, this in vitro test is the first for-
mally validated in vitro toxicity test that has been 
accepted into Annex V, and it is the only phototox-
icity that is accepted for regulatory purposes in 
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Europe. Meanwhile, in the year 2004 the OECD 
has accepted the 3T3 NRU PT phototoxicity test at 
the world-wide level as the first in vitro toxicity 
test into the OECD Guidelines for the testing of 
chemicals (OECD 2004b). 

 
Use of QSAR and physico-chemicals exclusion 
rules for the prediction  of skin irritation po-
tential of chemicals  

During the past 20 years the EU legislation for the 
notification of chemicals has focused on new 
chemicals and at the same time failed to cover the 
evaluation of existing chemicals in Europe. There-
fore, in a new EU chemicals policy (REACH = 
Registration, Evaluation and Authorisation of 
Chemicals) the European Commission proposes to 
evaluate 30.000 chemicals within a period of 15 
years. Data on hazardous properties of chemicals 
must be provided by industry, which also has to 
cover the costs if testing is required. There is 
agreement within the EU Commission, that addi-
tional toxicity testing should in the first place rely 
on non-animal in vitro tests, both for financial and 
animal welfare reasons. A realistic scenario based 
on an in-depth discussion of potential toxicological 
developments and an optimised "tailor-made" test-
ing strategy shows that to meet the goals of the 
REACH policy animal numbers may be signifi-
cantly reduced, if industry would use in-house data 
from toxicity testing, which are confidential and if 
non-animal tests would be used as well as informa-
tion from quantitative structure activity relation-
ships (QSARs) would be applied in sub-
stance-tailored testing schemes. 

An evaluation of a set of QSAR rules for pre-
dicting the absence of skin irritation and/or corro-
sion was recently conducted by Ingrid Gerner and 
colleagues from the BfR (Gerner et al., 2000a, 
2000b, 2004). Scientists from the National Institute 
of Health in Netherlands (RIVM) have critically 
evaluated the BfR approach behalf of the European 
Chemicals Bureau (ECB) of the European Com-
mission ( Rorije and Hulzebos, 2005). The evalua-
tion of the rule-base on irritation and corrosion 
developed by the BfR, the German Federal Insti-
tute for Risk Assessment (Gerner et al., 2004). This 
rule-base predicts non-irritation and non-corrosion 
using physico-chemical cut-off values, defining 
general rules applicable to all substances and 
separate rules for special chemical classes of sub-
stances. 

The evaluation on behalf of the ECB includes 

1) the compliance of the rule-base with the OECD 
principles on (Q)SARs, 2) the derivation of the 
(Q)SAR rules, 3) the external validation of these 
rules, including an assessment of the suitability of 
the dataset used for validation. 

The distribution of the training set data over 
the domains of the physico-chemical parameters 
used in the rule-base is visualised and analysed. 
Recommendations are given for setting the cut-off 
values of the rules at a consequent “safe” level (not 
allowing for any exception to the rule in the train-
ing set) and for including a consistently calculated 
safety margin. Specific results of the analysis were: 

• The rule-base fulfils the OECD principles on 
(Q)SARs for the largest part 

• Most rules cover all irritant/corrosive substances 
in the training set, however: 

• Some physico-chemical parameters have limited 
predictive value: 

   - lipid solubility, as this is not a generally 
available parameter; 

   - vapour pressure, as the experimental data 
used for derivation of the rules is not conclusive, 
and 

   - melting point, as the cut-off values for this 
parameter were not set at a “safe” level, making 
predictions based on melting point less reliable. 

An external validation of the set of rules using 201 
new substances not present in the training set 
showed 99.3% correct predictions of 
non-corrosivity and 96.6% correct predictions of 
non-irritancy. These predictions would allow de-
classification as R34/R35 - Corrosive for 28.4% of 
the chemicals, and R38 - Irritant for 42.3% of the 
chemicals. These results would thus allow waiving 
of skin irritation tests for at least 42.3% of the EU 
new substance notifications. Four predictions were 
incorrect, however, for 3 of these reasons could be 
given why the set of rules failed (2 substances 
were misclassified based on melting point rules 
shown to be unreliable in our analysis), and/or how 
these incorrect predictions can be avoided in the 
future. The performance of the rules then increases 
to 100% correct predictions of non-corrosivity and 
98.8% correct predictions of non-irritancy. 

The results show that the evaluated rule-base 
is highly useful for regulatory purposes, as almost 
all OECD principles on QSARs are met (OECD 
QSAR ??? 2004) and the good predictivity could 
lead to waiving of skin irritation tests for at least 
42.3% of EU new substance notifications. 
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Alternative methods used in development and 
safety testing of drugs, biologicals and medical 
devices 

As outlined above the number of experimental 
animals used by the drug industry in Germany has 

decreased during the past 25 years by more than 
90% (Figure 1). This development is typical for 
the international drug industry and it is due to a 
general change of models that are used in the life 
sciences. Research in pharmacology is not any 

 

 

 

 

PURPOSE OF TESTING 

 
in vitro method 

 
animal test 

 
degree of re-

placement 

 
accepted by regulatory 

authorities (country)
 

QUALITY CONTROL - BIOLOGICAL DRUGS 
 
Pregnancy test 
   immune assay 

frog test complete replacement world-wide 

Pyrogenicity test 
 limulus-(LAL)-test 
 human cytokine TNF-  
 (ELISA)  

rabbit test replacement for protein 
free solutions 
 
replacement for  
all applications  

US-, EU- and Japan- 
Pharmacopoe 
 
EU-Pharmacopoe 
submiited  

Vitamins and hormones 
  (vitamines, oxytocin,  
  calciitonin, parathorm.   
  sexual hormones) 
  HPLC, immune assays 

bioassay in 
chicken, rats & mice 

complete replacement EU-Pharmacopoe 

Insulin-determination 
  HPLC 

convulsion test 
mouse 

complete replacement US-and EU-Pharmacopoe

Insulin-determination 
  HPLC 

blood glucose determi-
nation 
mouse & rabbit 

complete replacement US-and EU-Pharmacopoe

 
TOXICITY TESTING 

 
Eye irritation 
  HET-CAM test 
  BCOP test 
  isolated chicken eye 
  isolated rabbit eye 

Draize test 
rabbit's eye 

replacement 
for severely irritating 
materials 

EU according to OECD 
Test Guideline 405 
Germany, Belgium 
Netherlands, U.K. 

Phototoxicity 
  3T3 NRU phototoxicity  
  test 

Phototoxicity tests 
rabbit, rat & guinea pig 

complete replacement  OECD Test Guideline  
432  

Skin corrosion 
  Human skin  
  constructs 

corrosivity testing on 
rabbit skin 

complete replacement 
for corrosive materials 

OECD Test Guideline 
431 

 Skin penetration 
  human skin   

 Skin penetration test  
on the skin of rats 

Complete replacement OECD Test Guideline 
428 

Delayed neurotoxicity 
Of organo-phosphates 

NTE-esterase dete-    
 rmination  in neuro-   
 blastoma cells 

OECD: neurotoxicity test 
of organo-phosphates in
Chicken 

partial replacement 
for esterase inhibitors 
 

World-wide 
According to OECD 
Guidelines 418 and 419

Table 3 

In vitro tests replacing test animals in the quality control of biological drugs and in toxicology 

In vitro tests, which have been sufficiently validated to replace regulatory animal tests are given and also the
degree of replacement and the specific regulatory authority.
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more centred around animal models of disease but 
focusing on molecular models. Biochemical phar-
macology has been replaced by molecular phar-
macology, which is shifting towards molecular 
genetics. The new molecular methods allow high 
throughput (HTP) drug screening of several thou-
sand new drug candidates within a month. Today 
animal models are used after the most promising 
lead chemicals have been identified by HTP 
screening in efficacy and safety testing before en-
tering clinical trials in humans.  

Due to progress in molecular genetics and 
biotechnology during the past 20 years hormones 
and other biologicals are no longer extracted from 
human and animal tissues but produced  by bac-
teria and cell lines. Insulin is an excellent example 
to illustrate this process. In the past insulin was 
extracted from the pancreas of cattle and pigs. The 
potency of these extracts had to be standardised in 
animal tests in rats and rabbits. In addition safety 
tests had to be conducted in animals to detect im-
purities resulting from the extraction and purifica-
tion procedure. For reasons of quality control both 
potency and safety tests had to be conducted on 
each batch of insulin. Consequently companies 
producing insulin had to continuously conduct 
animal tests to ensure quality and safety of the 
drug.  

Today in the therapy of diabetes bovine and 
porcine insulin have been replaced by pure human 
insulin produced by bacteria or genetically engi-
neered mammalian cell lines. Therefore, extraction 
procedures are not needed any more, there is no 
contamination from tissues of the donor species 
and, consequently, animal tests that had to be con-
ducted for quality control are not necessary any 
more. In contrast, today the production of human 
insulin is conducted according to the high stan-
dards of good manufacturing practice (GMP), 
which includes quality control of the final product 
by sensitive analytical methods. Experience has 
proven that this type of testing is sufficient for 
providing doctors and patients with the highest 
quality of the human insulin, which is free of con-
tamination. For the reasons described, today no 
animal tests are conducted any more to ensure the 
safe use of insulin in diabetic patients. 

In a similar manner as described for insulin, 
many other hormones and biologicals, which had 
to extracted from human or animal tissues in the 
past, are today produced by applying advanced 
technologies at the highest level of purity (Table 3). 

Therefore, most of the animal tests that had to be 
conducted continuously to standardise the quality 
of hormones and other biologicals, need not be 
conduced any more. This example illustrates that 
the humanity criterion proposed by Russell and 
Burch has become true in the production of hor-
mones and other biologicals. 

 

The way forward 
When the 3Rs concept of reducing animal experi-
ments was developed by Russell and Burch was 
developed more than 40 years ago, it was a chal-
lenge from the ethical point of view and it was not 
appreciated by the scientific community in the life 
sciences. In their book "The Principles of Humane 
Experimental Technique" Russel and Burch de-
fined the humanity criterion in the following man-
ner: “The greatest scientific experiments have al-
ways been the most humane and the most aes-
thetically attractive, conveying that sense of beauty 
and elegance which is the essence of science at its 
most successful" (Russell and Burch 1959). Due to 
the rapid technical progress in cell and tissue cul-
ture as well as in molecular biology and genetics, 
today the majority of experimental studies in the 
life sciences are in vitro studies and the number of 
studies in experimental animals is decreasing.  In 
fact, in vitro studies are the basis of the tiered ex-
perimental approach in drug development and tox-
icity testing, before any experiments in animals or 
clinical studies in patients are conducted as illus-
trated in Figure 1. The examples given for the tox-
icity testing and for the production of hormones 
and other biologicals illustrates that the humanity 
criterion proposed by Russell and Burch is in fact 
scientifically superior than the animal experiments 
conducted for the same purpose in the past. 
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