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Introduction

Can the value of a scientific discipline be
gauged? Where does the discipline stand?
Is such a consideration important at all?
Some may have doubts about the useful-
ness of asking such questions. Some will
see the research into alternative methods
as a categorical imperative. Others again
will have a more differentiated view, a
group that will comprise policy makers,
those that provide funding and infrastruc-
ture for research, those that are responsi-
ble for our safety and that of our environ-
ment, and, last but not least, those that are
about to choose their future field of scien-
tific work. All these person groups will at
some point use cost-benefit considerations
and value balances. This type of thinking
also applies largely to the general popula-
tion of tax payers and voters. For this rea-
son, some thoughts on the real value of 3R
approaches (replace, reduce, refine, as de-
fined by Russell and Burch, 1959, and the
declaration of Bologna, 1999 (3R, 2004))
appear to be justified and necessary. On a
qualitative level, the value of alternative
methods is underscored by the fact that
the EU funds an entire research institution
(ECVAM) dedicated solely to the evalua-
tion of alternative methods, and that major
new EU legislation, such as REACH, has
a strong focus on the use of alternative
methods (REACH, 2006). Moreover, in-
dustry and the European Commission
work together in a partnership for alterna-
tive approaches (EPAA, 2007), and uni-
versities are starting to establish depart-
ments dedicated to 3R research (Leist,
2006; Wendel, 2002). More quantitative
approaches to describe the success of the
new field make use of the statistics of an-
imal use in the EU or its individual mem-
ber states, or they count the number of
OECD test guidelines that rely on alterna-
tive assays for safety evaluations. On this

basis, progress of 3R is sometimes de-
scribed as being relatively slow. In our
opinion, such strategies to gauge the suc-
cess of alternative approaches largely un-
derestimate the real success of this emerg-
ing research field. Therefore, we will
highlight in the following a number of
conceptual errors that contribute to the un-
derestimation of the value of 3R, and that
are frequently encountered in public dis-
cussions.

Conceptual error I:
Focus only on animal use for
safety evaluations

The relatively standardised set of experi-
ments in the area of toxicology is a partic-
ularly good target for alternative methods.
In addition, the strong focus of 3R re-
search on safety evaluations is justified by
the particularly stressful experiments in
this domain of animal experimentation.
However, the main driver for research in
this area is the particularly strong support
of industry and governments — to a large
part for economic reasons. Let’s look at
the larger picture. The overall use of ex-
perimental animals in the European Union
was around 11 million animals (EU,
2005) in 2002 and about 12 million in
2005 (EU, 2007). Of these, only about
10% were used for toxicological studies
in 2002 (Fig. 1), and this percentage
dropped even further to around 8% in
2005. Therefore, it appears as too narrow
an approach to evaluate the success of al-
ternative methods only on the basis of
substitution of OECD guidelines for toxi-
city testing (Gruber and Hartung, 2004).
The problems of this approach become
even more apparent when one takes into
account that OECD test guidelines only
exist for certain subdomains of safety test-
ing (e.g. for safety testing of chemicals,

but not for safety testing of drugs). This
means that counting the number of ac-
cepted or validated tests in this area alone
narrows down the overall success of 3R
research to a small, single digit percentage
of all experimental animals used (in total
about 200,000 animals out of 12 million).

To obtain a better idea of the real suc-
cess of 3R approaches one needs to ex-
pand one’s view to other domains requir-
ing animal testing (Gruber and Hartung,
2004). For instance, the number of ani-
mals used in education has dropped by
50 % (from 3.2 % of all animals in 2002
to 1.6% in 2005) due to strong efforts in
this domain (see for example Dewhurst,
2006; Gruber and Dewhurst, 2004). A
large area of animal use (15% of all ani-
mals in the EU) is the quality assurance
and production of medicines. Here, new in
vitro tests for pyrogenicity and the intro-
duction of ELISA technology for batch
control of vaccines represent great success
stories (Hendriksen, 2006; Montag et al.,
2007; Hartung, 2001; Rosskopf-Streicher
et al., 2004; Hoffmann et al., 2005). In the
largest domain of animal use, the statisti-
cal category “study of disease”, consum-
ing > 50 % of all animals (> six mil-
lion/year), one should mention the ban of
ascites mice and substitution by in vitro
monoclonal antibody production methods
(Kuhlmann et al., 1989), and the many in
vitro systems used for instance for the
study of borreliosis (Krober and Guerin,
2007), angiogenesis (Bahramsoltani et al.,
2006), genetic damage (Akyiiz and Wies-
miiller, 2003; Kreja et al., 2003), Parkin-
son’s disease (Lotharius et al., 2005), etc.
Moreover, many animal assays of hor-
monal activity have been substituted by
more modern in vitro methods. Another
noteworthy replacement assay is the in
vitro colony forming assay, which is used
to predict myelosuppression and to exam-
ine its mechanisms (Pessina et al., 2005;
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12,117,583 animals (2005, EU)

Fig. 1: Animal use in the European Union
(EU) in 2005

ECVAM DB-ALM, 2006). Another large
field of animal testing consuming hundred
thousands of mice is consumer protection
from contaminated shellfish. Here, one
should mention as a good example Ger-
many’s and New Zealand’s efforts to re-
place the mouse test for shell fish toxins
by chemical analytical methods (Biosecu-
rity New Zealand, 2007). Similarly, the
substitution of the fish bioassay for waste
water quality control by a fish embryo as-
say merits mentioning (Nagel, 2004).

Conceptual error Il:
Nadive use of statistics

The EU issues animal statistics every third
year, and in addition most European coun-
tries issue annual statistics. Both are fre-
quently used to judge the success of ani-
mal protection efforts, and, indirectly, of
alternative methods. The use of such data
is, however, complicated by the fact that
the statistical rules are different in the
member countries and that the statistical
basis keeps changing. For instance, be-
tween 2002 and 2005 new member states
joined the EU. Consequently, the in-
creased numbers of animals used in 2005
do not indicate a lack of progress of alter-
native approaches but rather reflect a
change of the statistical basis. With re-
spect to the judgement of the success of
3R one also needs to take care to avoid
systematic errors due to altered definitions
of experimental animals (e.g. apparently
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increased animal numbers because of in-
clusion of organ removals from dead ani-
mals to animal experiments or counting
embryos as animals).

What is more problematic than just the
technical problems described above, is the
conceptual error of using animal statistics
to define the success of alternative meth-
ods. Let’s assume a constant number of
EU member countries and clear statistical
rules for all. Would then constant numbers
of animal experiments indicate that alter-
native methods have not been successful
in a given period? No! Scientific research
is expanding, and the number of scientists
and publications is exploding. For in-
stance, the research expenditure of the
drug industry has risen 8-fold within 25
years (DiMasi et al., 2003). The number
of publications in any biomedical field has
often increased tenfold during that period.
As an example, consider the figures for
Alzheimer’s disease and Parkinson’s dis-
ease (Fig. 2). If animal consumption has
nevertheless remained constant during
that period, this should be regarded as a
success and a large reduction in animal
use relative to research intensity. Similar
considerations should apply for the com-
parison of regions and countries. We
would like to put forward the argument

that really successful countries reduce the
use of animals in relation to their research
output, though not necessarily in absolute
terms. In this context one may also con-
sider the issue of globalisation (Bottini et
al., 2007). We need to be careful and
watchful with regard to outsourcing of an-
imal experiments. Performing animal
studies in non-EU countries would yield a
cosmetic improvement of our animal
statistics, but would not be beneficial for
animals or an indicator of the success of
3R approaches!

Conceptual error lil:
Underestimation of 3R by
measuring publication
frequencies

It appears from the above that measuring
the success of 3R methods requires a
more differentiated approach than look-
ing at animal statistics. One approach
commonly used in science is to look at
the number of relevant publications. This
will certainly indicate a positive trend for
3R research. However, the value of alter-
native methods is likely to be underesti-
mated by this approach. Let’s for exam-
ple take a closer look at drug discovery.

Alzheimer’s and Parkinson’s
disease in medline
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Fig. 2: Constant animal numbers vs. growing science

The number of publications in nearly all fields of science is steeply growing (for example
the publications on Alzheimer’s disease and Parkinson’s disease, upper panel). The
number of animals used in the EU has remained relatively constant over the last 15 years
(lower panel; the 2005 bar contains only the animal number for the 15 member states that

were part of the EU in 2002).



More than 99% of newly synthesised
compounds are excluded at early stages,
and little of the data obtained from such
compounds will ever be published. This
is mostly explained by disinterest of the
companies involved. Moreover, there is a
general under-representation bias in the
literature concerning publication of nega-
tive data. A lot of these unpublished re-
sults are derived from in vitro methods,
and the extensive use of such methods
will thus never become known to the pub-
lic (Fig. 3). In addition, simple in vitro
safety screens, such as the human ether-a-
gogo related receptor (HERG) assay or
the Ames assay, eliminate compounds
from drug discovery and development
that will generally never be published
(Fig. 3). Once compounds advance
further, a positive publication bias for in
vivo studies further contributes to the un-
derestimation of the use of alternative
methods. It is still commonplace that a
single animal experiment with negative
data can be published. The present status
quo makes such a publication on the basis
of alternative methods unthinkable. In the
latter case, one takes for granted that in
vitro data presented in a publication have
been obtained at least three times in dif-
ferent experiments, and additionally var-
ied in parameters such as concentration
and time.

Conceptual error IV:
Assumption of 1:1 substitutions

Classical toxicology developed a system
of safety testing based on the opportuni-
ties and limitations of the animal as the
model system. This form of testing shaped
and determined the current set of rules for
safety evaluations, which may be called
the “animal game”. Such rules include the
classification of hazard domains (e.g. mu-
tagenicity, corrosion, reproductive toxici-
ty), but also the way doses are selected
and extrapolated. Presently, moving out-
side this set of rules and way of thinking
will result in “failure” or being “caught
cheating”. In order to keep to these rules,
and in an attempt to follow the same clas-
sifications, 3R research has often attempt-
ed to replace certain animal experiments
one-for-one (1:1) with an alternative
method. For instance, the in vivo photo-
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Fig. 3: Publications do not reflect the use of alternative assays in drug discovery

In early phases of drug discovery, many in vitro assays are used (Efficacy box and Safety
box). Unsuitable compounds (minus sign) are excluded and usually not published.
Suitable compounds (plus sign) are tested pharmacologically and, if found to be
unsuitable, excluded. For compounds that are further promoted, in vivo pharmacological
data have a higher chance of being published than data form alternative assays.

toxicity test was replaced with the fibrob-
last phototoxicity assay (OECD Test
Guideline 432, 2007).

However, if one looks at hazard do-
mains such as reproductive toxicity test-
ing or evaluation of the sensitisation po-
tential, most will quickly agree that a 1:1
substitution of the currently used assays
by an in vitro assay is highly unlikely.
Nevertheless, a lot of progress has been
made in the development of 3R methods
for the two domains just mentioned.
However, these assays measure individu-
al steps of a biological process. For in-
stance, in the process of sensitisation, the
binding of hapten to protein or the activa-
tion of dendritic cells is used as the read-
out; and in the process of developmental
toxicity, binding to steroid receptors, tox-
icity to spermatocytes or disturbed differ-
entiation of embryonic stem cells are
analysed separately. Such individual end-
points and readouts will need to be com-
bined to integrated testing strategies,
which may eventually cover the entire bi-
ological process (Fig. 4). None of the in-
dividual assays will be comparable to the

original animal experiment, but each may
have a high value within a test strategy
combining different in vitro methods or
being composed of in vitro methods and
some reduced and refined animal experi-
ments (Combes, 2007). Thus, looking at
1:1 substitutions only leads to an under-
estimation of the progress of 3R methods.
What makes matters worse is that this
way of thinking not only forces the rules
of the “animal game” onto 3R methods,
but also contributes to preventing their
development and implementation. As
long as animal experiments are used as
the gold standard for the each alternative
method, such methods will always have
the limitations inherent to the animal ex-
periment (Fig. 4), and entirely different
and innovative approaches have no
chance of passing the validation process
(Hartung, 2007). Ironically, the situation
of underestimation is even worse for ar-
eas where the animal gold standards are
less established. For example, the testing
of biologics or nanoparticles are relative-
ly recent domains, and animal testing is
less standardised here than for classical

19



compounds
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Human safety profile
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Fig. 4: Overlap of assay results and
reality

a) All chemical compounds coming
into contact with man are
represented as an archery target.

b) The compounds toxic to man
(grey) are represented as those in the
middle of the target. Good assays
require a high overlap with that area.
c) An example of a typical in vivo
safety assay is shown. The area
(hatched) covers most of the toxic
compounds, but there are some false
negatives (upper left area) and many
false positives (lower right area).

d) A theoretical example of an in vivo
and in vitro assay (for the same
safety domain; e.g. pyrogenicity) is
shown. Here, the in vitro assay has
less false positives and less false
negatives than the in vivo assay.
Nevertheless, there is a poor overlap
between both assays. If the in vivo
assay was regarded as gold
standard, the in vitro assay would fail
in validation.

€) Shows a theoretical example of an
alternative assay as part of an
integrated test strategy (e.g.
spermatotoxicity as part of
developmental toxicity). Taken alone
it has poor safety characteristics
(many false negatives).

f) Shows the same assay as in €) as
part of an integrated test battery with
optimal safety characteristics (no
false negatives, few false positives)

small molecules. Here, alternative meth-
ods can and do already now valuable in-
formation for the overall safety evalua-
tion, but, as there is no clear animal gold
standard to be substituted, the success of
3R methods is hard to measure and there-
fore underestimated by many classical
statistical methods.

Conceptual error V:
Monodimensional focus on
replacement

Measuring 3R success in terms of re-
placed (1R) animal experiments or OECD
test guidelines tends to underestimate the
success of the full integrated 3R approach
in terms of reduction of animal suffering
(Fig. 5). Although there is no doubt that
the ultimate goal of the approach is re-
placement, it appears to us as a conceptu-
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al error to neglect the successes of the oth-
er two domains, which have the potential
to reduce suffering in a huge number of
animals. Refinement approaches do not
necessarily alter the number of animals
used, but much less suffering is inflicted.
As “non-replacement approaches” are
sometimes forgotten, we would like to
mention three examples. The most fre-
quently cited example for refinement is
the fully validated and regulatory-accept-
ed (OECD Test Guideline 429, 2002) lo-
cal lymph node assay, which replaces the
Biihler guinea pig maximisation test for
sensitisation potential of chemicals. A
prominent example for the reduction ap-
proach is the group of new assays for the
testing of acute toxicity (OECD Test
Guidelines TG420, 423, 425), which,
since 20. December 2002, replace the old
LDso guideline (TG401) and reduce the
number of animals needed by >60-70%.

Less well known are many approaches to
more intelligent testing strategies, which
have a huge potential of animal reduction.
An illustrative example is the test strategy
for acute toxicity to aquatic organisms
(daphnia, algae, fish), where about 60% of
fish are spared by the new sequential test
approach with fish being used last (ESAC,
2006; Jeram, 2005). Reduction approach-
es are unspectacular in terms of publica-
tions (because they ironically eliminate
the reason for publication), but they are
highly effective, and more importantly,
fast in their implementation and effect.
One cannot value their effect in big pro-
grammes like REACH high enough (e.g.
>1 million rats saved just by an altered
approach to acute toxicity testing). In the
large scale testing of already marketed
chemicals in Europe (according to
REACH), the number of animals used
will depend highly on the extent of the use
of read-across approaches and the intelli-
gent use of information, and millions of
animals can be rescued by intelligent test
strategies. The following example from
the field of skin corrosion testing illus-
trates the power of the approach: the de-
velopment and validation of the replace-
ment method CORROSITEX (Corrositex,
2007) lasted 10 years. This method most-
ly detects compounds with extreme pH.
Therefore, an alternative approach would
be to apply a test strategy that automati-
cally (without in vivo or in vitro testing)
classifies compounds with extreme pH as
corrosive. Such an “intelligent” test strat-
egy (as part of the OECD test guideline)
prevents extreme suffering immediately,
i.e. ten years of development time and ad-
ditional distress are saved.

Conceptual error VI:
Monodimensional views on value
domains

Like each science discipline, 3R research
defines its overall value from various
dimensions comprising ‘“quality of
science”, “applicability” and “ethics”
(Fig. 6). In the particularly multidisci-
plinary 3R field, different groups are
strongly focused on one of the dimen-
sions and frequently neglect the others,
with the effect of an underestimation of
the overall success of the discipline, and



a failure of 3R research to reach its full
potential. The scientific dimension focus-
es on the relevance and coherence of
methods, but has also an important role
in identifying and addressing new chal-
lenges and constantly inventing new
types of solutions. Not to be forgotten
here, is the inherent pleasure of good sci-
ence in itself and the fascination for this
extremely interdisciplinary field. Aware-
ness of this point may help to attract
more and more established researchers
from other disciplines as well as students
looking for an interesting career to the
field. The application dimension address-
es factors like cost, unmet need, assay
performance, and definition of standards.
Stronger awareness of the value of this
domain would lead to better infrastruc-
ture for such work, which in many coun-
tries does not exist at all and in most oth-
ers is only weakly developed. An
approach leading in the right direction is
the development of a European reference
laboratory (COmmunity RefeREnce
Laboratory for Alternative Testing,
CORRELATE, 2007) at ECVAM, but
here also scope and especially funding
appear minute in relation to the huge task
and value potential. A third dimension

comprises the ethical issues of the field,
like the questions of dignity of animals,
the balancing of pain and potential bene-
fits from animal experiments, questions
relating to the proper value of animals
independent of their use to humans, the
acceptable risk for humans in relation to
economical factors, the relative differ-
ences between different animal species
like primates vs. companion animals vs.
rodents, etc. Strong additional value can
be gained from a detailed consideration
of these issues instead of a dogmatic and
simplified approach (see chapter below)

Conceptual error VII:

numbers of experimental
animals correlate with animal
suffering

This last conceptual error discussed here
can lead to underestimation OR overesti-
mation of the value of 3R methods. More-
over, this chapter, together with the chap-
ters below, may form the basis for further
discussion in this or another forum.

In many countries, and also in the EU,
the animal statistics do not give informa-
tion on animal suffering. The animal ex-

All domains contribute to the success
of the 3R concept

Reduction Refinement

eg.LDS0 e.g.LLNA

Replacement

e.g. phototoxicity

science

Value volume
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Fig. 5: All 3R domains reduce suffering
and pain

For example, the acute lethal dose (LDso)
assay is a reduction assay, the local lymph
node assay (LLNA) is an accepted
refinement method and phototoxicity is
assessed by an in vitro assay using
fibroblasts; another relevant example for
this latter domain would be “skin
corrosion” where the in vivo test guidline
has been replaced by in vitro testing.

Fig. 6: The overall value of the 3R
approach is defined by the product of
different dimensions

periments included span an incredibly
broad range of pain and distress, which is
not being accounted for at all. A further
grey zone is the breeding of genetically
modified animals, which in most cases is
not registered in animal statistics (as op-
posed to the generation of such animals).
Whether the breeding of genetically mod-
ified animals constitutes a particular stress
is still not given sufficient consideration,
and judgment of that matter sometimes is
beyond the competence of those who have
created the animals (Mertens and Rulicke,
2007; Sauer et al., 2006).

If one tries to dig below the surface of
statistical summaries, one experiences
how hard, or often impossible, it is to ex-
tract much information from the numbers.
For instance, in 1999 Greece did not use a
single fish. In 2002, over half a million
were used, and this number nearly dou-
bled until 2005, the number now being
higher than all fish used by the other 24
EU members together. There is no simple
way to find an explanation for that. As an-
other example, consider an apparently
simple question: “How can we improve
the situation of companion animals?” - i.e.
how can we find methods to reduce the
use of e.g. 24,000 dogs per year as exper-
imental animals. To approach this prob-
lem, we need to find an answer to the
question “Where are dogs used as experi-
mental animals?” There is no way to an-
swer this question from European or na-
tional statistics. We can see that 500 dogs
are used for pesticide testing, 6,000 in
biomedical research and about 13,000 for
drug safety testing, but no more detail
than that. This situation has a large impact
on the question “Is a particular assay suc-
cessful in improving the situation of
dogs?” The examples illustrate that the
value of alternative methods is in part so
hard to judge because animal statistics are
so poor and non-transparent.

In order to understand another statisti-
cal shortcoming, let’s look into another
situation, the “Draize eye irritation test”,
which so urgently requires alternatives
(with the notable exception of France,
where the HET-CAM assay is fully ac-
cepted). A number of assays (e.g. isolated
bovine, chicken or rabbit eyes) can be
used as prior filter assays, and in case of
positive findings, data will be accepted by
EU and member state authorities. Accord-
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ing to the past 25 years’ statistics, about
7% of chemicals have been classified as
eye irritants. This would mean that alter-
native assays can reduce the number of
Draize tests by about 7%. Is this impres-
sive or rather negligible? We need not give
an answer, as the question itself appears to
us to be wrong. We would rather know
how much suffering has been reduced
than getting information on the numbers
of Draize tests performed. After the intro-
duction of alternative tests, still a high
number of animal eye irritation tests must
be performed, but now mostly with com-
pounds that are innocuous. Severe irritants
are filtered out by in vitro testing before
they are used in an often painful animal
test. This demonstrates clearly that a large
success domain of alternative assays is at
the moment their filtering capability,
keeping the most noxious and pain-induc-
ing compounds away from animals. This
is, however, not reflected in animal use
statistics.

Last, we want to briefly touch on an is-
sue that is often neglected but should not
be forgotten: underestimating the effect of
alternative assays on research throughput.
Some areas of drug discovery are still lim-
ited in size because animal experiments
present a serious bottleneck. A good in
vitro system may increase the number of
companies interested in the field, and the
number of compounds screened in each
company. In the end, this may require a
much larger number of animals in phar-
macology, safety and quality evaluations
than ever before. But in parallel more al-
ternative methods will be developed. So,
we do not know at the moment how the
ethical value of such alternative methods
should be judged.

How else may the value of 3R
approaches be judged?

If current statistics do not help us, how
else can one obtain an appropriate esti-
mate of the value of 3R methods? It ap-
pears important to us to find an alternative
for the negative definition via animal
statistics, and to rather give the field a pos-
itive basis. Following this line of thought,
one may for instance ask: “How big is the
output of alternative methods?”, “How
much did 3R methods and approaches
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Fig. 7: Alternative assays as filters can
shift the severity distribution of animal
experiments

The solid line shows a hypothetical severity
distribution of animal experiments before
introduction of alternative methods to pre-
filter compounds used on animals. The
dashed line shows the altered distribution
after introduction of assays which are
accepted as positive filters, i.e.
compounds positive in these assay (the
most harmful compounds) will not be
tested on animals.

contribute to the overall output (research,
safety evaluation, disease mechanisms)?”
or, “Would the end result have been
achieved without in vitro methods, and
how well?” One may also look at the in-
creasing number of people working in the
area and finding career opportunities as
well as scientific challenges. When doing
so, it is essential to look at all application
domains, and to demonstrate the broad va-
riety of the field as for example the Swiss
3R Foundation or the Doerenkamp-
Zbinden Foundation are doing (Maier und
Wick, 2007; DZF, 2007).

One may also judge 3R on a medical or
scientific background, and ask, “How
much better have in vitro models become
over time in predicting human safety or
human pharmacology?” In the same vein,
one may test how much better our mecha-
nistic understanding of important process-
es in toxicology and medical research has
become. Although this aspect appears par-
ticularly important, it is important to point
out that not all in vitro research is 3R re-
search, and vice versa. Another non-negli-
gible value of 3R comes from the time and
money that has been saved by alternative
methods. We have seen, also in many oth-

er fields that economic considerations
cannot be completely uncoupled from eth-
ical, ecological or moral considerations,
and actually can be a valuable driving
force. On the other hand, the ethical di-
mension itself is not only a driver of the
field, but is also suitable as an alternative
value basis: newer methods of evaluation
certainly need to include the extent to
which distress and suffering were re-
duced, not only in statistical averages, but
also in many individual case stories.

Ways forward

A broader value basis is an ideal platform
for a large variety of approaches to how
3R research can further improve its per-
ception from the outside as well as from
within the field. Notably, altering the per-
ception is not only a cosmetic effort, but is
important for bringing the field forward
conceptually and technically. Such
progress will then in turn have a major im-
pact on overlapping fields such as toxicol-
ogy, stem cell research, pharmacology
and disease biology. Ways forward may
be grouped in action packages addressing
different issues.

Package one would for instance com-
prise efforts towards the improvement of
animal statistics and their use. Statistics
and databases should be more transparent,
more traceable, more open to access and
more suitable for the easy use of the data,
and they should certainly contain mea-
sures of stress and suffering, together with
a rationale for the animal experiments.
Approaches based on simple animal
counting, as often used for the comparison
of different REACH scenarios by all par-
ties involved, appear cynical and distract
from the real problems.

Package two may address publication
biases and lack of important information
from industry. Incentives could be given
for case studies and publications from in-
dustry. A good example for the usefulness
of such publications is a study at Organon
on the impact of 3R methods (Verbost et
al., 2007). “Publication” is defined here in
a very wide sense, also including the feed-
ing of data into broadly-accessible
databases, allowing and improving in vi-
vo-in vitro comparisons and giving infor-
mation on the availability and practical



application of alternative methods. This
process may be considerably enhanced by
the creation of larger national or interna-
tional centres dedicated to the creation of
infrastructure for development of alterna-
tive methods. Large organisations like
EPAA have already started to work on this
package.

Package three would further extend in-
to this direction by definitely focusing on
a number of centres that would be respon-
sible for reference compounds and refer-
ence compound databases. This effort
may appear trivial, but it shows how un-
derdeveloped the infrastructure of the
field still is, and where immediate action
should be taken. Imagine you are looking
for a list of tool compounds, for example
to validate a model of developmental neu-
rotoxicity, and you wonder why you sim-
ply cannot find this in the literature. The
explanation is simple. Good, validated
lists of such compounds are not available,
and when it comes to the compounds
themselves, the problem is even larger. A
lot could be achieved here with relatively
little effort, and some of these attempts
have already been initiated, for instance
by ECVAM.

Package four contains actions of a dif-
ferent nature and is focused on the unity
and maintaining the core strengths of the
field. As the research field grows, it will be
important to keep the different value do-
mains and R domains in good contact and
improve the interaction with one another,
something which is amongst the great
merits e.g. of the Linz congresses on al-
ternatives to animal testing, organised by
the Centre for Alternative and Comple-
mentary Methods to Animal Testing
(ZET). A huge challenge is also the de-
limitation towards other disciplines. On
one hand, a certain self control will be es-
sential to keep the definitions of alterna-
tive research and pure mechanistic or in
vitro research from being confused. On
the other hand, one has to take great care
not to commit the mistake of defining the
field too narrowly and of excluding neigh-
bouring disciplines. Such behaviour bears
the risk of impoverishing the field as ex-
perienced already e.g. by toxicologists
(Lotti and Nicotera, 2002).

Package five comprises all measures
pushing for a fair comparison of alterna-
tive methods and classical animal experi-

ments. Especially in the area of toxicolo-
gy, this means similar validation require-
ments for the animal experiments as for
alternative methods and moving away
from animal experiments as gold stan-
dards. One should ask for a stronger focus
on relevance-based and mechanistically-
characterised animal models that are vali-
dated under stringent criteria, resembling
those applied in evidence-based medicine.
A new movement in this direction calls it-
self “evidence-based toxicology” (EBT)
(Guzelian et al., 2005; Hoffmann and Har-
tung, 2006). This type of thinking would
be a way forward to give alternative meth-
ods their proper place and value.

Package six takes this thought conse-
quently to its end - to an end that would
mean the end of dominance of the “animal
game”. In a landmark document, “Toxici-
ty testing in the 21* century”, the Nation-
al Research Council of the USA (NRC,
2007) defined a vision in which the “3R
game” plays a major role. The dominance
of the sets of rules of animal and 3R game
are being reversed. Instead of looking at
animals as a black box, and then trying to
find out what happened in cases of toxici-
ty, it is argued for a bottom-up approach
of mechanistic understanding. Mechanis-
tic research with alternative methods can
define the essential pathways that are
common to many forms of toxicity. Toxic
compounds would then initially be char-
acterised by the pathways they trigger and
only at later stages of integration would
animal experiments be used to comple-
ment this information and close remaining
gaps. The strong interdisciplinarity and
imbedding of the 3R field into biomedical
research is an ideal basis for this approach
(Lotti and Nicotera, 2002). In this new
form of mechanism-based toxicology 3R
research develops to achieve its full value,
for animals, for science and for man.
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