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1. Introduction 
One of the most intractable dilemmas encountered 
in our relationships with other animals results from 
their use in experimental or other scientific proce-
dures which may cause them pain, distress and/or 
lasting harm. Whereas in the case of other uses of 
animals, such as farm animal husbandry, reason-
able compromises between animal welfare and 
other interests are often possible, many of the pro-
cedures applied to laboratory animals inevitably 
and unavoidably result in significant suffering. 
This has led to much discussion, debate, confron-
tation, and even to crime and violence, for well 
over 150 years. The way forward is via genuine 
cooperation in the middle ground between those 
who reject the extreme positions of both the animal 
rights activists and the pro-research libertarians. 
The Fund for the Replacement of Animals in 
Medical Experiments (FRAME), founded in 1969 
(Annett, 1995), and with which I have been asso-
ciated since 1979, was one of the first organisa-
tions to focus on alternatives to animal experi-
ments and to seek to work with others in the mid-
dle ground. 
 

 
2. The Three Rs Concept 
In the early 1950s, the Universities Federation for 
Animal Welfare (UFAW) initiated a highly original 
project, which was carried out by W.M.S. Russell 
and R.L. Burch and led to the publication of The 
Principles of Humane Experimental Technique 
(Russell and Burch, 1959).  They emphasised that 
the best science is the most humane science, and 
proposed that all concerned in any way in labora-
tory animal experimentation should strive to re-
place, reduce and refine laboratory animal proce-
dures wherever and whenever possible.  

Although warmly welcomed at the time, what 
is now known as the Three Rs concept was more or 
less ignored during the 1960s. However, the 1970s 
saw renewed interest, notably in the UK as a result 
of a campaign to mark the centenary of the Cruelty 
to Animals Act 1876. Then, in 1978, having con-
ducted a survey for the Research Defence Society, 
David Smyth gave us the Three Rs definition of 
alternatives, to include all procedures which can 
completely replace the need for animal experi-
ments, reduce the number of animals required, or 
diminish the amount of pain or distress suffered by 
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animals in meeting the essential needs of man and 
other animals (Smyth, 1978). 

This definition is more than a mere restate-
ment of the Three Rs, since it imposes on all those 
who propose to use laboratory animals, the burden 
of providing convincing arguments that their work 
is necessary for some good purpose. This require-
ment for scientific and ethical justification is ex-
plicit in a number of Three Rs-based national and 
international laws which were enacted during the 
mid-1980s, such as the UK Animals (Scientific 
Procedures) Act 1986 and EU Directive 
86/609/EEC. 

The 1990s saw major developments in the use 
of the Three Rs concept as an effective way of 
dealing with the ethical and scientific dilemmas 
inherent in the dependence of so much of bio-
medical research and safety testing on animal 
models, including the establishment of the Euro-
pean Centre for the Validation of Alternative 
Methods (ECVAM) as part of the European Com-
mission’s own Joint Research Centre, where I had 
the privilege of serving as its first Head of Unit, 
and the US Interagency Coordinating Committee 
on the Validation of Alternative Methods 
(ICCVAM). Four world congresses on the Three 
Rs have now taken place, in Baltimore (1993), 
Utrecht (1996), Bologna (1999) and New Orleans 
(2002). A fifth congress will be held in Berlin in 
August 2005. 

 
3. Achievements and Grounds for Hope 
Progress has been made on many fronts, and, 
where they are available, the statistics show that 
the total numbers of animal now used are less than 
half those of the mid-1970s. Meanwhile, im-
provements in animal care and housing, and the 
development of new skills and techniques, coupled 
with better and dedicated training, have undoubt-
edly reduced the overall levels of animal suffering 
and distress. The introduction of more-humane 
endpoints in various kinds of procedures has also 
been important (Hendriksen and Morton, 1999), as 
has the introduction of institutional, regional or 
national ethical review committees in many coun-
tries. 

The fall in numbers has partly been because 
of a progression away from animal procedures, due 
to the increased use of computer modelling to 
simulate normal and disease processes and to pre-
dict the potential effects of chemicals from their 
physicochemical properties and molecular struc-
tures, and to progress with novel research ap-

proaches at the cell and molecular levels, including 
new cell and tissue culture methodology. For ex-
ample, these developments have led to drug dis-
covery by computer-aided design and the applica-
tion of high-throughput testing systems based on 
cells or parts of cells, as well as to new approaches 
to measuring the effectiveness and safety of vac-
cines and hormones (Balls, 2002a). 

As a result, we can at last begin to produce an 
impressive list of successes, which include the fol-
lowing: 
1. The LD50 acute toxicity test has been replaced 
by more-humane animal procedures, and 
non-animal toxicity test procedures for phototoxic-
ity, skin corrosivity and skin penetration have been 
accepted into EU and OECD legislation (Balls, 
2002b). 
2. Non-animal tests for various vaccines, including 
tetanus and rabies vaccines, have been validated, 
and the so-called abnormal toxicity test (ATT) in 
animals has been abandoned for many vaccines, as 
it was shown to be unnecessary (Halder et al., 
2002). The ATT formerly required 10,000 to 
20,000 animals per annum in Germany alone. 
3. The use of animals in testing various hormone 
preparations intended for therapeutic use has been 
replaced by more-advanced, non-animal tech-
niques (Halder et al., 2002). 
4. The rabbit test for identifying certain kinds of 
pyrogens has been replaced by the Limulus amoe-
bocyte lysate (LAL) test, which involves blood 
from the horseshoe crab, but the rabbit test is still 
required for other kinds of pyrogens. About 80,000 
rabbits are used each year for pyrogen testing in 
Germany alone.  It is hoped that both the rabbit 
test and the LAL test will soon be replaced by a 
test or tests involving human blood (Hartung et al., 
2001).    
5. Monoclonal antibodies have many uses in re-
search, biotechnology, diagnosis and treatment, but 
it is no longer necessary to produce them via the 
very severe mouse ascites procedure, since they 
can almost always be produced just as effectively 
with in vitro methods (Hendriksen, 1998). Tens of 
millions of animals have been used for monoclonal 
antibody production in the past. 
6. Developments in molecular biology, including 
the mapping of the whole human genome, will 
open up many new possibilities for research and 
testing. In particular, looking at altered patterns of 
gene expression (genomics) and protein synthesis 
(proteomics) in diseased tissues and following ex-
posure to test chemicals, by using microarray tech-
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technology, will result in greater understanding of 
pathological and toxicological mechanisms and 
will provide new testing strategies (Bhogal et al., 
2005). 

Further information about these and many 
other exciting developments will be found in the  
proceedings of the 4th World Congress on Alterna-
tives and Animal Use in the Life Sciences (New 
Orleans, 2002), published as an ATLA supplement 

(Balls, Firmani and Rowan, 2004). 
 

4. Disappointments and Causes for Concern 
Despite many positive Three Rs-related develop-
ments, there are a number of reasons for disap-
pointment and causes for concern.   

Firstly, at least in my experience, many scien-
tists still show a surprising lack of knowledge 
about the Three Rs and about the legislation which 
regulates laboratory animal studies, including their 
own work. Among others, there is resistance to 
what they see as interference in their “freedom to 
do research”. In my opinion, despite requirements 
for the evaluation and weighing of likely benefit 
(to us) and likely suffering (to animals) before a 
programme of animal experimentation is permitted, 
it is still far too easy to get permission to use labo-
ratory animals. The scientist, not the animal, is 
usually granted the benefit of any doubt, and there 
appears to be very little retrospective analysis of 
whether the benefits gained were really likely to be 
as great as had been claimed at the outset, or 
whether the animal suffering was as little as had 
been predicted. Many scientists appear to be al-
lowed to continue to use animal procedures merely 
because they have habitually used them, and be-
cause the data they produce might one day prove 
useful for some currently unpredictable purpose. 

Secondly, there is great pressure for more 
animal testing, in response to growing public con-
cern about the safety of food, genetically modified 
plants, biocidal products and pesticides, and the 
effects of hormonally active chemicals in the en-
vironment (so-called endocrine disruptors). This 
pressure, together with demands for testing large 
numbers of existing chemicals which are already in 
use, but about which it is claimed we have insuffi-
cient knowledge, threaten to result in a dramatic 
increase in animal testing (Grindon et al., 2005). 
There is concern among many in the middle 
ground that such testing will be routine and based 
on a generalised check-list approach, rather than 
being intelligent and based on case-by-case 
evaluation, beginning with an estimation of likely 

exposure. Moreover, it is feared that such routine 
testing will produce data which will be difficult or 
impossible to interpret sensibly or to apply mean-
ingfully to risk assessment. This fear is based on 
the inherent difficulty in extrapolating from animal 
tests to human hazard, due to species differences 
and because of the use of very high doses applied 
in animal tests, irrespective of likely or conceiv-
able levels of human exposure (Combes, 2002a). 

A third cause for concern is the steady 
year-on-year increase in the development, breeding 
and use of genetically modified animals, which has 
reversed the downward trend in overall laboratory 
animal use. In the UK in 2003, the number of pro-
cedures involving genetically modified animals 
rose to 764,095, 27.4% of all the procedures 
started during that year (Anon., 2004). This con-
tinual increase is allowed to carry on unabated, 
despite the fact that many of these animals suffer 
severe and unexpected adverse effects. I am par-
ticularly concerned about the use of knockout pro-
cedures, attempts to create animals which are car-
riers of parts of human systems, and the use of 
mutagenesis screening, because insufficient atten-
tion is paid to the welfare of the animals concerned 
or to the limited value of the models created. 

A fourth major cause for concern is the con-
tinued use of non-human primates as laboratory 
animals. On 1 January 1987, the day when the 
1986 Act came into force in Britain, FRAME and 
the Committee for the Reform of Animal Experi-
mentation (CRAE) submitted 17 proposals to the 
Government, all but one of which were accepted as 
the basis for Government policy. Subsequently, the 
RSPCA and FRAME conducted a survey on the 
use of primates immediately before the 1986 Act 
came into force, which raised many issues. The 
ensuing report was also welcomed as a basis for 
change in the interests of science and animal wel-
fare  (Hampson et al., 1990).  

However, it is now clear that very few mean-
ingful changes in practice followed these initia-
tives, and this issue came to the fore again in May 
2000, when the University of Cambridge an-
nounced a plan to build a new primate facility for 
research in the neurosciences and on neurological 
diseases. This intention was subsequently aban-
doned, primarily for financial reasons, but not be-
fore there was much confrontation between those 
for and against the plan. The leading medical re-
search organisations claimed that the Cambridge 
laboratory was essential to progress in dealing with 
Aids, Alzheimer’s disease, autism, bovine spongi-
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form encephalopathy (BSE), malaria, Parkinson’s 
disease, severe mental illness, and indeed, 
life-threatening diseases in general, as well as tell-
ing us all we need to know about hearing, memory, 
movement, vision, mechanisms of strokes, and 
brain injuries. However, even if such claims were 
believable, it would have required a very large 
number of animals indeed to live up to these ex-
pectations – and a much bigger facility than the 
one being planned (Balls, 2003). No, there should 
have been a case-by-case consideration of the 
proposed projects and their relevance to human 
disease, along with a consideration of what was 
being done elsewhere, in clinical research, as well 
as with other models, and why the work could not 
be accommodated in existing primate facilities. It 
should be noted that British scientists already 
conduct more experiments on non-human primates 
than occur in any other EU Member State. In 2003, 
4799 procedures were conducted on non-human 
primates in British laboratories alone (a very mod-
est reduction from the 5078 conducted in 1987, 
when the 1986 Act came into force). Bearing all 
this in mind, I shall continue to press for adoption 
of the zero option, which I proposed in 1995 (Balls, 
1995). This would involve the progressive, sensi-
ble and collaborative elimination of the need to use 
any non-human primates (and therefore of the need 
to capture them in the wild or breed them in cap-
tivity). I will do so in the sincere belief that the 
achievement of this goal would enhance, rather 
than threaten, our chances of overcoming the re-
maining diseases which threaten the length and 
quality of human life, because more attention 
would be paid to the value of clinical research, 
rather than turning as a first resort to the use of 
inadequate animal models. In this way, the imple-
mentation of the zero option would encourage re-
search to be focused on how diseases could be 
controlled and eradicated without the need to use 
non-human primates, by encouraging approaches 
based on using better, more-modern and 
more-relevant models, as well as a greater com-
mitment to clinical research. 

My fifth cause for concern, to which I will 
devote most of the remainder of this review, is 
what I see as a threat to the validation process – a 
process which I see as absolutely essential and 
unavoidable, if we are to be sure that new animal 
and non-animal efficacy and toxicity tests have 
been independently shown to be reliable and rele-
vant for their stated purposes, and are therefore fit 
for use in making important decisions as part of the 

hazard prediction and risk assessment process, on 
which human health and the protection of the en-
vironment depend (Worth and Balls, 2002). 

 
5. The Validation Process 
It is now 15 years since a set of principles for 
validation, the process whereby the reliability and 
relevance of a test for a particular purpose are in-
dependently evaluated, were agreed at a CAAT/ 
ERGATT international workshop, held at Amden, 
Switzerland, in 1990 (Balls et al., 1990. Also, it is 
11 years since practical proposals for the conduct 
of the validation process were considered at an 
ECVAM/ERGATT workshop, also held at Amden, 
in 1994 (Balls et al., 1995). 

A number of other significant developments 
took place during the mid-1990s. Bruner et al. 
(1996) put forward the concept of the prediction 
model (PM), an algorithm to define how the results 
from a non-animal test should be used to predict an 
in vivo toxicity endpoint. Curren et al. (1995) pro-
posed that a three-stage prevalidation process, to 
be introduced between test development and a 
formal validation study, would greatly improve the 
validation process, by establishing satisfactory 
levels of protocol refinement, protocol transfer-
ability, and protocol performance. The Heads of 
ECVAM and the European Chemicals Bureau 
(ECB), the EC services responsible for technical 
aspects of validation and chemicals regulations, 
respectively, issued a joint policy statement, in 
which they spelled out criteria for judging the ac-
ceptability of test development and validation 
studies, and urged that prevalidation and inde-
pendent assessment should also be applied with 
equal force to all new or modified animal and 
non-animal test guidelines (Balls and Karcher, 
1995). 
    Later in 1995, the publication of the 
ECVAM/ECB statement was followed by a work-
shop organised by the US Interagency Committee 
on the Validation of Alternative Methods 
(ICCVAM), which led to the publication of 
ICCVAM’s position on the validation and regula-
tory acceptance of toxicological test methods (NIH, 
1997), and early in 1996, by an OECD workshop 
the harmonisation of validation and acceptance 
criteria for alternative toxicological test methods, 
held in Solna, Sweden (OECD, 1996). Thus, what 
became the ECVAM/ICCVAM/OECD criteria and 
principles for validation and acceptance became 
the basis for practical validation studies, mainly 
conducted under the auspices of ECVAM, and 



Balls M, Alternatives to Animal Experiments: Serving in the Middle Ground, AATEX 11(1),4-14, 2005 

 8

weight-of-evidence evaluations, mainly conducted 
under the auspices of ICCVAM. For example, by 
2002, the ECVAM Scientific Advisory Committee 
(ESAC) had endorsed the successful outcomes of 
validation studies on 10 non-animal toxicity tests 
for chemicals, and had also made six statements on 
the application of the criteria and principles to 
biologicals (Balls, 2002c). 
 
6. Problems Confronting the Validation Process 
This may all appear to be very encouraging, since 
it is clear that the validation process conducted 
according to the ECVAM/ICCVAM/OECD princi-
ples can be very successful. However, it must also 
be admitted that a number of problems have arisen 
along the way, some of which now appear to 
threaten the validation process itself (Balls, 2005). 
   
Lack of clear purpose 
The purpose of an alternative method refers to its 
intended application, such as for the prediction of 
skin corrosion potential. To validate a test, it is 
necessary to demonstrate that, for its stated pur-
pose, the test system has a sound scientific basis 
(scientific relevance), the predictions made by the 
PM are sufficiently accurate (predictive relevance), 
and the results generated by the test system are 
sufficiently reproducible within and between labo-
ratories, and over time (reliability). This is not 
possible, if the intended use of the test is not 
clearly defined at the outset. The prospects for 
finding non-animal tests for target organ and target 
system toxicity will be very bleak, unless test de-
velopment is improved and is itself effectively tar-
geted.  
 
Suspicion of the PM  
In common with the concept of positive and/or 
negative controls, which are fundamental to the 
basic experimental sciences, the PM concept is 
alien to the world of regulatory animal testing, 
where establishing toxicity, or lack of toxicity, in 
animals often appear to be the ultimate goal of the 
exercise. Nevertheless, it is widely accepted that 
the PM plays an essential role in converting the 
result from an alternative in silico or in vitro test 
system into an unambiguous prediction of a phar-
macotoxicological endpoint in animals or humans 
(Worth and Balls, 2001). Attempts to circumvent 
the discipline imposed by the use of PMs must be 
resisted.  
 
  

Belief in the inherent validity of animal tests 
It has long been clear that there are those who con-
sider that non-animal tests should be subjected to a 
more-stringent evaluation and acceptance process 
than animal tests, which stems from the fact that 
many regulators “feel more comfortable” with 
animal test data (O’Connor, 1997), and there are 
even those who believe that animal tests are in-
herently valid, merely because they are animal 
tests (Balls, 2004a). This is a very serious problem, 
and that it exists at all reflects the power of the 
animal testing industry.  
 
Perceived complexity and inflexibility of the 
validation process 
It is frequently alleged that the validation process 
is cumbersome, too complicated and inflexible. 
However, the question to be answered is straight-
forward and inescapable: “Is this test sufficiently 
relevant and reliable to meet its stated purpose?” 
And who could possibly want decisions about hu-
man health and safety, or the protection of the 
environment, to be based on methods which could 
not receive a positive answer to this question?  

Those who emphasise the need for “flexibil-
ity” are often seeking ways of avoiding the strict 
application of the criteria for test development and 
independent evaluation. Of course, it is obvious 
that each validation procedure must be designed on 
a case-by-case basis, and this has certainly charac-
terised all the studies and evaluations conducted to 
date under the auspices of ECVAM and ICCVAM. 
Nevertheless, it is vital that the fundamental prin-
ciples of proper test development, prevalidation 
and validation, and independent assessment, 
should not be weakened to serve vested interests, 
be they commercial, political or scientific (Combes 
and Balls, 2003). 

It is also possible for a validation study to be 
conducted very quickly, as in the case of a 
catch-up validation study. During the ECVAM 
validation study on in vitro tests for skin corrosiv-
ity, a new method became available, the Epi-
DermTM skin corrosivity test, and by establishing 
that it met the structural and performance criteria 
(Balls, 1997) for the reconstructed human skin 
equivalent system (EPISKINTM) successfully vali-
dated in the main study, it was possible to establish 
the validity of the EpiDerm test in a catch-up in-
ter-laboratory study – within six months (Liebsch 
et al., 2000). 
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Vested interests 
One of the main challenges to those responsible for 
the validation process is dealing effectively with a 
wide range of vested interests, including the fol-
lowing: 
Test developers: there are those who do not accept 
that independent validation is necessary, and we 
have even seen references to “self-validation”. In 
other cases, there is a reluctance to accept that 
some of the tests that have been developed do not 
meet the criteria for test development and/or valid-
ity. As a result of this reluctance, some tests appear 
to live on indefinitely.   
Commercial suppliers: there is reluctance to accept 
the regulatory use of a method which is patented or 
which involves components which are not freely 
available, and additional problems can arise when 
such methods are taken off the market. This prob-
lem can be avoided, as mentioned above, by the 
acceptance of tests which are defined according to 
structural and performance criteria, rather than 
accepting specific patented or trade marked pro-
cedures, as is the case, for example, with in vitro 
tests for skin corrosivity involving reconstructed 
human skin. 
Political servants: politicians, as representatives of 
the general public, can have unrealistic expecta-
tions about safety testing and the methods em-
ployed, including the prospects for developing 
valid replacement alternative methods, and this can 
be reflected in the demands they place on their 
civil servants. For example, the European Council 
and the European Parliament have repeatedly set 
unrealistic deadlines for phasing out the animal 
testing of cosmetic ingredients, and the US Con-
gress has placed an unreasonable burden on US 
Government agencies in its demand for tests for 
endocrine disruption. 
National bias: regulations of many kinds can be 
used to protect national interests, and especially 
national commercial interests, and testing regula-
tions and procedures for the acceptance of new test 
procedures are no exception. This causes particular 
difficulties at the OECD level. For example, there 
are now three reduction/refinement in vivo alterna-
tives to the LD50 test, developed and therefore 
favoured by Germany, the USA and the UK, re-
spectively, whereas it should be possible to have 
one alternative test incorporating the best parts of 
all three of them. 
Peer review and transparency: the need for inde-
pendent peer review is an important aspect of pro-
cedures for acceptance of the outcomes of valida-

tion studies, and is central to the ICCVAM and 
OECD weight-of-evidence approaches (Combes, 
2004). However, it raises the problems of who 
picks the peers and whether the peers are suffi-
ciently independent. For example, can employees 
of regulatory agencies be considered sufficiently 
independent to take part in the peer review of a 
method, especially if there is pressure within an 
agency for the acceptance of a particular proce-
dure? 
 
The way forward 
It is important that the ECVAM/ICCVAM/OECD 
principles of validation are confirmed and upheld, 
and that there is agreement on the mutual accep-
tance of satisfactorily-validated methods approach, 
involving the EU, Japan, the USA and the other 
OECD Member Countries. In addition, there 
should be a requirement for a public explanation of 
the reasons why a particular procedure has been 
found not to be acceptable for regulatory use in 
particular territories. Also, legislation which says 
that an animal procedure must not be performed if 
there is a satisfactory and valid non-animal alter-
native procedure, should be rigorously enforced. 
 
7. The Need for an Invalidation Process 
Just as a test which is valid for regulatory use must 
be one that is fit for its purpose, we can think of an 
invalid test as one that is demonstrably unfit for its 
purpose. This might be because it cannot satisfy 
one or more of the test development criteria that 
would make it an appropriate candidate for 
prevalidation or formal validation, or because of its 
failure to meet the predetermined performance 
standards in a practical prevalidation or validation 
study. Robert Combes and I (Balls and Combes, 
2005) have recently suggested that, by analogy 
with the validation process, there should be a for-
mal transparent and independent invalidation 
process which, according to the most relevant dic-
tionary definitions of invalidate, would mean “to 
render null and void any test method that was 
found to be unfit for its stated purpose.”   

We have suggested that the invalidation proc-
ess should be based on the ECVAM/ICCVAM/ 
OECD criteria for test development and validation 
summarised above. Thus, a test could be declared 
invalid, if: 
1. Satisfactory definitions of the scientific purpose 
of the method, and of its proposed practical appli-
cation, were lacking. 
2. There was no satisfactory description of the ba-
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sis of the method. 
3. The case for its relevance had not been made, 
including its mechanistic relevance to an in vivo 
pharmacotoxicological endpoint. 
4. There was a lack of preliminary evidence sup-
porting the predictive capacity of the test. 
5. There was no satisfactory explanation of the 
need for the method in relation to existing in vivo, 
in silico or in vitro methods.  
6. No optimised protocol was available, including: 
a) the necessary standard operation procedures; b) 
a specification of endpoints and endpoint meas-
urements; c) the method for deriving and express-
ing results; d) the interpretation of the results in 
terms of one or more in vivo pharmacotoxicologi-
cal endpoints, by means of a prediction model; and 
e) the use of adequate controls. 
7. There was no satisfactory statement about the 
limitations of the test, and/or:  
8. There was insufficient evidence of in-
tra-laboratory reproducibility and inter-laboratory 
transferability. 

Similarly, the outcome of a validation study 
could be declared invalid, if: 
1. The clarity of the defined goals (in relation to 
the intended usage of the test method[s] and to the 
prediction model for converting the data obtained 
into a meaningful measure of toxicity) was not 
sufficient. 
2. The overall design was not of a sufficiently high 
quality. 
3. The independence of the management of the 
study was not sufficiently well-established. 
4. The selection, coding and central distribution of 
chemicals in a multi-laboratory study was not suf-
ficiently independent. 
5. The data collection, assessment, statistical 
analysis and reporting of the outcome were not 
sufficiently independent. 
6. The number and properties of the test materials 
studied (to cover different structural classes and 
with well-defined and different activities for the 
endpoint being predicted) were not sufficient. 
7. The quality of the data interpretation (in relation 
to the prediction model defined at the start of the 
study) was not acceptable. 
8. The performance of the methods in relation to 
the goals of the study (the extent to which the 
methods meet the performance criteria agreed at 
the start of the study) was not acceptable. 
9. The outcome was not reported in the 
peer-reviewed literature and freely available. 
10. Not all the raw data were available; and/or: 

11. The independence of the assessment of the 
outcome was not satisfactory. 
 
8. Candidates for Invalidation 
FRAME has recently reviewed all the current 
OECD Health Effects Test Guidelines (TGs) with 
respect to their necessity, design, scientific and 
animal welfare implications, and prospects for ap-
plying the Three Rs (Combes, Gaunt and Balls, 
2004). We concluded that some of the TGs should 
be deleted (i.e. declared invalid), because there is 
no need for them, especially when alternative 
methods have been validated and accepted for 
regulatory use, and that many other TGs should be 
updated and harmonised to reflect modern scien-
tific techniques and currently accepted standards of 
animal care and welfare.  

The rat uterotrophic assay for oestrogens and 
anti-oestrogens is a good example of a test that has 
recently been the subject of a validation exercise, 
followed by a peer review, but which fails to sat-
isfy the ECVAM/ICCVAM/OECD criteria for test 
development and validation, whilst clearly meeting 
many of the criteria we have identified for invalid-
ity. Detailed analyses of this test (including its de-
velopment, validation study and peer review) have 
been presented elsewhere (Combes, 2000b, 2003, 
2004), and, given that there have been substantial 
inadequacies at every stage, including the lack of 
an optimised test protocol, the lack of a clear pur-
pose, poor management of the practical study, bi-
ased reporting, and unresolved conflicts in the peer 
review process, we firmly believe that this assay 
should be considered invalid and should formally 
be declared as such. Vast resources, including the 
lives of more than 7,000 animals, have already 
been wasted, but it has not been established that 
the method could reliably be used to afford greater 
protection either to human beings or to other ani-
mals in the general environment. 

Our suggested invalidation criteria apply to a 
number of non-animal tests that have been pro-
posed, some of which are being considered for 
validation or are even undergoing validation at 
present. Some examples of such tests are to be 
found in an exhaustive review coordinated by ser-
vices of the EC in response to Directive 
2003/15/EC, the 7th Amendment to Directive 
76/768/EEC, the Cosmetics Directive, which has 
been published as a supplement to ATLA (Eskes 
and Zuang, 2005). In the case of acute toxicity 
testing, cytotoxicity assays involving neutral red 
uptake, determination of total cellular protein or 
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MTT reduction are already well established and in 
widespread use, so tests such as the HL-60 ATP 
content, Chang liver cell morphology and Chang 
cell pH change methods can be said to be unnec-
essary, since they offer no additional advantages. 
In the case of eye irritation, the slug mucosal irrita-
tion and pollen tube growth assays are invalid on 
the grounds of both relevance and necessity — the 
systems involved are too remote from the human 
eye to offer sufficient relevance, and they can offer 
no advantages over a number of other 
well-established and much more clearly relevant in 
vitro approaches. The silicon microphysiometer 
(cytosensor) method can be considered invalid, 
because it offers no advantages over a number of 
other cytotoxicity tests and lacks inter-laboratory 
transferability, not least because it requires expen-
sive equipment which is not readily available. 

   
9. Implementation of the Invalidation Process 
There are various ways by which an invalidation 
process could be implemented in practice, de-
pending on the stage reached by a test in terms of 
its development, validation, review and regulatory 
acceptance (Balls and Combes, 2005).  

A particular responsibility lies with test de-
velopers themselves, who should act responsibly 
by recognising that a method which cannot, and 
possibly could never, satisfy the criteria for test 
development should not be put to a recognised 
validation authority as a candidate for prevalida-
tion or validation, or for a weight-of-evidence re-
view. Also, of course, ECVAM, ICCVAM and the 
OECD, among others, have the responsibility not 
to allow into the prevalidation part of the process, 
any methods which fail to meet the agreed test de-
velopment criteria. Similarly, methods which do 
not satisfactorily come through prevalidation 
should not be allowed to progress to the formal 
validation stage, and methods which do satisfy the 
performance criteria specified in advance for a 
validation study, should not be put forward as can-
didates for acceptance. 

It is possible that a test method could be con-
sidered invalid after evaluation by a peer review 
panel, even if the panel had recommended that it 
should be accepted as valid. Peer review can only 
be achieved objectively, if the peer review process 
is conducted by a panel that is sufficiently inde-
pendent of the conduct of the validation study it-
self. Clearly, it is not feasible for the peer review of 
a test method to be formally declared invalid by 
the peer review panel itself, so the conduct of all 

peer reviews of validation studies should be moni-
tored by an authority or authorities which are com-
pletely independent of the test development, vali-
dation and review process. Such independent or-
ganisations exist, for example, to provide quality 
assurance and standardisation services, and their 
involvement in this arena needs to be explored. 

 
10. Concluding Comments 
Finally, returning to the Three Rs concept, I want 
to say that I fully agree with the following senti-
ments: 
The arguments over animal research are so polar-
ised because the two sides have completely differ-
ent ways of thinking. Opponents of research are 
concerned primarily with the rights and suffering 
of animals, whereas supporters are interested in 
the capacity of animal research to speed develop-
ments in understanding biology and preventing 
and treating disease. We need methods to promote 
agreement rather than disagreement and the Three 
Rs can do just that. The beauty of the Three Rs is 
that they provide a way for all parties to work to-
gether to advance the cause of both animals and 
humans.  

These words are not my own – they are taken 
from an editorial entitled Animal research: the 
need for a middle ground, by Richard Smith, Edi-
tor of the British Medical Journal (Smith, 2001).  

I have been working in the middle ground for 
nearly 30 years. At first, it was a very lonely place, 
and outright hostility came from both directions, 
from the defenders of animal-based research and 
from animal rights activists. Happily, the middle 
ground is now much more crowded, although the 
furore over the proposed Cambridge laboratory has 
revealed, not for the first time, that the polarisation 
lamented by Richard Smith still exists, and that 
many scientists are fully supportive of the Three 
Rs, provided that their own work is not discour-
aged. 

What is needed is a genuine, active and prac-
tical commitment to all of the Three Rs, in the ser-
vice of another concept which Russell and Burch 
(1959) also gave us, the humanity criterion: 
If we are to use a criterion for choosing experi-
ments to perform, the criterion of humanity is the 
best we could possibly invent. The greatest scien-
tific experiments have always been the most hu-
mane and the most aesthetically attractive, con-
veying that sense of beauty and elegance which is 
the essence of science at its most successful. 

There are various ways in which all con-
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cerned, be they in academia, industry or govern-
ment, or in science or animal welfare, could coop-
erate to achieve the fullest possible application of 
the Three Rs in the service of the humanity crite-
rion, including the following: 
1. By giving genuine support to national and in-
ternational legislation and initiatives based on the 
Three Rs, to maintain progress in the fundamental 
and applied biomedical sciences, whilst seeing the 
use of laboratory animals as the last resort, rather 
than the routine option. 
2. By seeing the use of laboratory animal experi-
mentation as a privilege, rather than a right, to be 
exercised only in cases of genuine scientific need 
in the interests of humans and other animals. 
3. By reducing the use of animals in research 
through better experimental design, thereby also 
improving the quality of the research itself (Balls, 
Festing and Vaughan, 2004). 
4. By ensuring that all animals necessarily used are 
treated as a special resource, given the best possi-
ble housing and general maintenance conditions, 
and are treated only by those with the necessary 
skills, and afforded anesthesia, analgesia and af-
tercare of the highest standard. 
5. By agreeing targets (but not deadlines!) and 
working together to achieve them, e.g. bringing 
about an end to the need to use non-human pri-
mates as laboratory animals (Balls, 2004b). 
6. By applying modern techniques in cell and mo-
lecular biology, and in silico and in vitro research 
and testing strategies, so information of no less 
value than that currently obtained in in vivo studies, 
will be made available, concerning the nature of 
diseases and their treatment, and the potential haz-
ards represented by chemicals and chemical and 
biological products of various kinds, so that risks 
to humans and the environment can be rationally 
predicted and effectively managed. 
 

11. References 
Annett, B. (1995) The Fund for the Replacement of 

Animals in Medical Experiments (FRAME): The 
first 25 years, ATLA, 23, 19-32. 

 
Anon. (2004) Scientific Procedures on Living Ani-

mals: Great Britain 2003, 102pp., HMSO, Lon-
don. 

 
Balls, M. (1995) The use of non-human primates as 

laboratory animals in Europe: moving toward the 
zero option, ATLA, 23, 284-286. 

 
Balls, M. (1997) Defined structural and performance 

criteria would facilitate the validation and accep-

tance of alternative test procedures, ATLA, 25, 
483-484. 

 
Balls, M., ed. (2002a) Alternatives to Animal Ex-

periments: Progress Made and Challenges Ahead, 
ATLA, 30, Suppl. 2, 1-243. 

 
Balls, M. (2002b) Alternatives to animal experiments: 

“goodbye ECVAM, hello FRAME”, ATLA, 30, 
261-262. 

 
Balls, M. (2002c) The establishment of ECVAM and 

its progress since 1993, ATLA, 30, Suppl. 2, 3-11. 
 
Balls, M. (2003) The future of non-human primates 

as laboratory animals in Great Britain: Please don’t 
build the Cambridge laboratory!, ATLA, 31, 
545-547. 

 
Balls, M. (2004a) Are animal tests inherently valid?, 

ATLA, 32, Suppl. 1B, 755-758. 
 
Balls, M. (2004b) The need for recommitment to the 

Three Rs and to serving together in the middle 
ground, ATLA, 32, 1-3. 

 
Balls, M. (2005) International validation and barriers 

to the validation of alternative tests, in Alternatives 
to Animal Testing, ed. by R.E. Hester and R.M. 
Harrison, Royal Society of Chemistry, Cambridge, 
in press 

 
Balls, M., Blaauboer, B., Brusick D., Frazier J., Lamb, 

D., Pemberton, M., Reinhardt, C., Roberfroid, M., 
Rosenkranz, H., Schmid, B., Spielmann, H., 
Stammati, A-L. and Walum, E. (1990) Report and 
recommendations of the CAAT/ERGATT work-
shop on the validation of toxicity test procedures, 
ATLA, 18, 313-337. 

 
Balls, M., Blaauboer, B.J., Fentem, J.H., Bruner, L., 

Combes, R.D., Ekwall, B., Fielder, R.J., Guillouzo, 
A., Lewis, R.W., Lovell, D.P., Reinhardt, C.A., 
Repetto, G., Sladowski, D., Spielmann, H. and 
Zucco, F. (1995) Practical aspects of the validation 
of toxicity test procedures. The report and recom-
mendations of ECVAM workshop 5, ATLA, 23, 
129-147. 

 
Balls, M. and Combes, R. (2005) The need for a for-

mal invalidation process for animal and 
non-animal tests, ATLA, 33, 299-308. 

 
Balls, M., Festing, M.F.W. and Vaughan, S., eds. 

(2004) Reducing the Use of Experimental Animals 
where No Replacement is Yet Available, ATLA, 32, 
Suppl. 2, 1-104. 

 
Balls, M., Firmani, D. and Rowan, A.N., eds. (2004) 

Proceedings of the 4th World Congress on Alterna-
tives and Animal Use in the Life Sciences (New 
Orleans, 11-15 August 2002), ATLA, 32, Suppl.1, 
1-758. 

 



Balls M, Alternatives to Animal Experiments: Serving in the Middle Ground, AATEX 11(1),4-14, 2005 

 13

Balls, M. and Karcher, W. (1995) The validation of 
alternative test methods, ATLA, 23, 884-886. 

 
Bhogal, N., Grindon, C., Combes, R. and Balls, M. 

(2005) Toxicity testing: creating a revolution based 
on new technologies, Trends in Biotechnol., 23, 
299-307. 

 
Bruner, L.H., Carr, G.J., Chamberlain, M. and Curren, 

R.D. (1996) Validation of alternative methods for 
toxicity testing, Toxicol. in Vitro, 10, 479-501. 

 
Combes, R. (2002a) The EU White Paper Strategy 

for a Future Chemicals Policy (an idea that must 
have seemed good at the time!), ATLA, 30, 1-3. 

 
Combes, R.D. (2000b) Endocrine disruptors: a criti-

cal review of in vitro and in vivo testing strategies 
for assessing their toxic hazard to humans, ATLA, 
28, 81–118. 

 
Combes, R.D. (2003) A critical assessment of the 

OECD collaborative study to validate the utero-
trophic assay for the detection of oestrogenic and 
anti-oestrogenic chemicals, ATLA, 31, 489–499. 

 
Combes, R.D. (2004) Peer review of validation stud-

ies: an assessment of the role of the OECD by ref-
erence to the validation of the uterotrophic assay 
for endocrine disruptors, ATLA, 32, 111–117. 

 
Combes, R.D. and Balls, M. (2003) How much 

flexibility is possible when validating new in vivo 
and in vitro toxicity test methods?, ATLA, 31, 
225-232.  

Combes, R.D., Gaunt, I. and Balls, M. (2004) A sci-
entific and animal welfare assessment of the 
OECD Health Effects Test Guidelines for the 
safety testing of chemicals under the European 
Union REACH system, ATLA, 32, 163-208. 

 
Curren, R.D., Southee, J.A., Spielmann, H., Liebsch, 

M., Fentem, J.H. and Balls, M. (1995) The role of 
prevalidation in the development, validation and 
acceptance of alternative methods, ATLA, 23, 
211-217. 

 
Eskes, C. and Zuang, V, eds. (2005) Alternative 

(non-Animal) Methods for Cosmetics Testing: 
Current Status and Future Prospects. A Report 
Prepared in the Context of the 7th Amendment to 
the Cosmetics Directive for Establishing the Time-
table for Phasing Out Animal Testing, ATLA, 33, 
1-228. 

 
Grindon, C. Bhogal, N., Combes, R. and Balls, M. 

(2005) The scientific, animal welfare and regula-
tory implications of the EU REACH system for 
chemical safety, TOPRA Reg. Rapp., 2 (4), 16-22. 

 
Halder, M., Hendriksen, C., Cussler, K. and Balls, M. 

(2002) ECVAM’s contributions to the implementa-
tion of the Three Rs in the production and quality 
control of biologicals, ATLA, 30, 93-108. 

Hampson, J., Southee, J., Howell, D. and Balls, M. 
(1990) An RSPCA/FRAME survey on the use of 
non-human primates as laboratory animals in Great 
Britain 1984-1988, ATLA, 17, 335-400. 

 
Hartung T., Aaberge, I., Berthold, S., Carlin, G., 

Charton, E., Coecke, S., Fennrich, S., Fischer, M., 
gommer, M., Halder, M., Haslov, K., Jahnke, M., 
Montag-Lessing, T., Poole, S., Schechtman, L. 
Wendel, A., Werner-Felmayer, G. (2001) Novel 
pyrogen tests based on the human fever reaction. 
The report and recommendations of ECVAM 
workshop 43, ATLA, 29, 99-123. 

 
Hendriksen, C.F.M. (1998) A call for a European 

prohibition on monoclonal antibody production by 
the ascites procedure in laboratory animals, ATLA, 
26, 523-540. 

 
Hendriksen, C.F.M. and Morton, D.B., eds. (1999) 

Humane Endpoints in Animal Experiments for 
Biomedical Research, 150pp., Laboratory Animals 
Ltd., London. 

 
Liebsch, M., Traue, D., Barrabas, C., Spielmann, H., 

Uphill, P., Wilksins, S., McPherson, J.P., Wiemann, 
C., Kaufmann, Remmele, M. and Holzhütter, H-G. 
(2000) The ECVAM prevalidation study on the use 
of EpiDerm for skin corrosivity testing, ATLA, 28, 
371-401. 

 
NIH (1997) Validation and Regulatory Acceptance of 

Toxicological Test Methods: A Report of the ad hoc 
Interagency Coordinating Committee on the Vali-
dation of Alternative Methods. NIH Publication No. 
97-398. 105pp., NIEHS, Research Triangle Park, 
NC. 

 
O’Connor, A.M. (1997). Barriers to regulatory ac-

ceptance, in Animal Alternatives, Welfare and Eth-
ics, ed. by L.F.M. van Zutphen and M. Balls, pp. 
1173-1176, Elsevier Science BV, Amsterdam. 

 
OECD (1996) Final Report of the OECD Workshop 

on Harmonization of Validation and Acceptance 
Criteria for Alternative Toxicological Test Methods, 
60pp., OECD, Paris. 

 
Russell, W.M.S. and Burch, R.L. (1959) The Princi-

ples of Humane Experimental Technique, 238pp., 
Methuen, London. 

 
Smith, R. (2001) Animal research: the need for a 

middle ground, BMJ, 322, 248-249. 
 
Smyth, D. (1978) Alternatives to Animal Experiments, 

218pp., Scolar Press, London. 
 
Worth, A.P. and Balls, M. (2001) The importance of 

the prediction model in the development and vali-
dation of alternative tests, ATLA, 29, 135-143. 

 
Worth, A.P., Balls, M., (2002) The principles of vali-

dation and the ECVAM validation process, ATLA, 



Balls M, Alternatives to Animal Experiments: Serving in the Middle Ground, AATEX 11(1),4-14, 2005 

 14

30, Suppl. 1, 15-21. 
 
Corresponding author:  
Prof. Michael Balls 
FRAME, Russell & Burch House, 96-98 North  
 Sherwood Street, Nottingham NG1 4EE, UK 
Tel: +44-1263-838098 
Fax: +44-1263-838096 
E-mail: michael.balls@btopenworld.com 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 


