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1. Introduction  
In 1954, the Universities Federation for Animal 
Welfare (UFAW) decided to conduct a systematic 
study on the application of humane experimental 
techniques to laboratory animals, and appointed a 
young zoologist, William Russell, and a young mi-
crobiologist, Rex Burch, to work on the project.  
In 1957, a UFAW-sponsored Symposium on Hu-
mane Technique in the Laboratory took place at 
Birkbeck College, London, at which Russell dis-
cussed the progress made in the study, and intro-
duced what is now known as the Three Rs concept, 
in a lecture entitled Modes of Increasing Humanity: 
of Replacement, Reduction and Refinement (Russell, 
1957). Two years later, Russell and Burch’s seminal 
book on The Principles of Humane Experimental 
Technique (Russell and Burch, 1959) was pub-
lished. 

I have to confess that, although I had been in-
volved in research on replacement alternatives 
since the early 1970s, and I had been a Trustee of 
the Fund for the Replacement of Animals in Medi-
cal Experiments (FRAME) since 1979, it was not 
until the mid-1980s that I first came across The 

Principles. Since then, I have dipped into this re-
markable book on many occasions, and I am al-
ways astounded to find that I find some new sub-
tlety of insight or revelation of up-to-date signifi-
cance. 

Now, to mark the 50th anniversary of Rus-
sell’s Birkbeck College lecture, presented in the 
year when I followed him to Oxford to read for a 
degree in Zoology, I want to make some comments 
on one oft-neglected discussion in The Principles, 
namely, that failure to recognise the important dif-
ference between fidelity and discrimination leads to 
what they called the high fidelity fallacy. I will also 
comment on differences in relative importance be-
tween the Three Rs, and what this should mean to 
the scientific and regulatory communities as strate-
gies for research and testing are further developed 
and applied in the early years of the 21st Century. 
 
2. Fidelity and Discrimination 
As Russell and Burch pointed out, research on hu-
man health and disease, and on the effects of sub-
stances and pathogenic organisms, frequently in-
volves establishing a model (a laboratory animal) 
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of the system to be investigated (the human organ-
ism), then studying the model in ways which would 
not be possible with the system being modelled (for 
practical or ethical reasons). By their very nature, 
models must differ from what is being modelled, 
and the importance and consequences of this dif-
ference depend on two major factors, fidelity and 
discrimination. As Russell and Burch put it: “Fidel-
ity means overall proportionate difference, and high 
fidelity means that all properties are equally badly 
reproduced. Discrimination, on the other hand, 
means the extent to which the model reproduces 
one particular property of the original.” 

They used the example of the food-begging 
behaviour of a herring gull chick to illustrate the 
fact that a highly discriminative/poor fidelity model 
is more useful than a high fidelity/poorly discrimi-
native model. The chick demands food in response 
to seeing the head of its mother, and experimental 
studies showed that chicks responded to a red stick 
with three white bands near its tip, more frequently 
than to an otherwise precise model of a female 
gull’s head, which lacked these essential markings. 

It has long been common practice in biomedi-
cal research and testing to rely on laboratory ani-
mals as high fidelity models of humans, partly be-
cause of a lack of the knowledge necessary to iden-
tify the features which would be required in high 
discrimination models. However, there is another 
reason – a failure to take sufficient account of what 
Russell and Burch called the high fidelity fallacy. 
Paraphrased, their description of the fallacy runs 
like this. Man is a placental mammal, so members 
of other mammalian species are more likely to be 
useful as models of man than would be birds or, 
still more markedly, microbes. The general physio-
logical properties and pharmacological responses 
of other mammals are more likely to be similar to 
our own than are those of other organisms. There-
fore, mammals are always the best models to use in 
fundamental biomedical research, drug develop-
ment and toxicity testing. 

Russell and Burch pointed out that this way of 
thinking, which, they said, could be branded an 
obsession, is misleading, and is associated with 
three more implicit fallacies: 1) exaggeration of the 
extent of our ignorance; 2) great overestimation of 
the fidelity of mammals as models; and 3) a ten-
dency to ignore all the advantages of correlation. 
Their third point is especially important, and can be 
put like this: If it can be shown that the responses 
of two utterly different systems can be correlated 
with perfect regularity, then, if a certain effect is 

produced on one by a given treatment, this treat-
ment will produce a corresponding (but utterly dif-
ferent) effect upon the other. One example of the 
correlative approach is the use of mutagenicity tests 
in bacteria to identify potential human genotoxins, 
based on the fact that bacteria can model the essen-
tial process of interaction between a test chemical 
and DNA in higher organisms. 

The point I want to emphasise, is that if such a 
powerful case against basing research and testing 
on high fidelity systems which lack/might lack dis-
crimination, could be made in 1957–59, why is the 
use of laboratory animal models, for general rea-
sons, rather than on the basis of specific, scientific 
justification, still so entrenched today? This ques-
tion is particularly pertinent, since, whereas the 
fidelity of animal models has remained more or less 
the same over the intervening 50 years, in vitro 
technology has advanced considerably, so in vitro 
models continue to acquire greater and greater 
powers of discrimination.    
 
3. The Three Rs and the Relative Importance of 
Replacement  
As I have discussed elsewhere (Balls, 1997, 2005a), 
although the UFAW project was monitored by a 
distinguished international committee, and al-
though The Principles was well received when it 
was first published, the Three Rs concept was very 
slow to gain recognition and acceptance. However, 
the mid-1970s saw renewed interest, notably in the 
UK, and principally as a result of a campaign to 
mark the centenary of the Cruelty to Animals Act 
1876, under which experimentation on sentient 
vertebrate animals had been controlled for 100 
years. A little later, having conducted a survey for 
the Research Defence Society, David Smyth pro-
posed the Three Rs definition of alternatives, to 
include all procedures which can completely re-
place the need for animal experiments, reduce the 
number of animals required, or diminish the 
amount of pain or distress suffered by animals in 
meeting the essential needs of man and other ani-
mals (Smyth, 1978). 

This very useful definition of alternatives is 
not just a restatement of the Three Rs – it imposes 
on all those who are involved in any way in the use 
of laboratory animals, the moral responsibility to 
provide convincing arguments that such use is nec-
essary for some good purpose. This requirement for 
scientific and ethical justification is implicit in a 
number of Three Rs-based national and interna-
tional laws which were enacted during the 1980s, 
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such as the UK Animals (Scientific Procedures) Act 
1986 and EU Directive 86/609/EEC. Merely put-
ting forward a superficial high fidelity argument 
should never be considered a sufficient justification 
for conducting experiments on animals. 

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 biomedi-
cal research and safety testing on animal models, 
including the establishment of the European Centre 
for the Validation of Alternative Methods 
(ECVAM) as part of the European Commission’s 
own Joint Research Centre, and the US Interagency 
Coordinating Committee on the Validation of Al-
ternative Methods (ICCVAM). Five world con-
gresses on the Three Rs have now taken place – in 
Baltimore (1993), Utrecht (1996), Bologna (1999), 
New Orleans (2002) and Berlin (2005). The 6th 
World Congress on Alternatives and Animal Use in 
the Life Sciences will take place in Tokyo, in Au-
gust 2007. 

Nevertheless, despite many significant re-
finements in the husbandry and care of laboratory 
animals, as well as in the procedures applied to 
them, progress in terms of reduction and replace-
ment has been much less satisfactory. Possible rea-
sons for this will be briefly considered. 

In The Principles, Russell and Burch defined 
refinement as “any decrease in the incidence or se-
verity of inhumane procedures applied to those 
animals which still have to be used”, but under-
standing what they meant by this is dependent on 
an understanding of their concept of inhumanity, 
which requires “an objective assessment of the ef-
fects of any procedure on the animal subject”. They 
went on to distinguish between direct inhumanity, 
“the infliction of distress as an unavoidable conse-
quence of the procedure employed”, and contingent 
inhumanity, “the infliction of distress as an inci-
dental and inadvertent by-product of the use of the 
procedure, which is not necessary for its success”.    

They pointed out that contingent inhumanity is 
almost always detrimental to the achievement of 
the objective of an experiment, but that much could 
be done to avoid it. Direct inhumanity, being un-
avoidable, is a totally different matter, and they 
discussed it in terms of incidence (e.g. in control 
and experimental groups), severity (e.g. the severity 
of a procedure in those animals that are affected), 
and special character (e.g. post-operative pain and 
distress, effects of particular pathogens, or death 
due to various types of toxic chemical). 

Russell and Burch saw the avoidance of con-
tingent inhumanity as mainly a matter of good 
husbandry, diligent care and common sense, and 
the Three Rs as being the best approach to the re-
moval of direct inhumanity.  

They defined reduction as “reduction in the 
numbers of animals used to obtain information of 
given amount and precision”, irrespective of how 
humane or inhumane a procedure might be, and 
considered that, “of all modes of progress, it is the 
one most obviously, immediately, and universally 
advantageous in terms of efficiency”. The discus-
sion in The Principles focused on the problem of 
variability, and on the design and analysis of ex-
periments. It was already clear that there were bet-
ter ways of overcoming the problem of variability 
than merely following the tradition of using large 
numbers of animals. Since the 1930s, it had been 
known that the effects of many sources of variabil-
ity could be eliminated by skilful statistical design 
and analysis, making possible the use of much 
smaller groups of animals, followed in the 1950s 
by the employment of “statistical methods for the 
adequate segregation of controlled and uncon-
trolled variance”. 

Nevertheless, despite the valiant efforts of a 
few scientists with a sufficient understanding of 
both biology and statistics, the undoubted scientific 
and ethical benefits of reduction still remain to be 
achieved, and many research scientists are still 
unaware that “better design and analysis would 
improve the scientific validity of their work and 
reduce the numbers of animals needed to obtain a 
given level of scientific information” (Festing, 
2004). Indeed, there continues to be great concern 
about the misuse of statistics in papers published in 
medical journals, which goes back more than 70 
years (Altman, 2004), as was evident at a FRAME 
Reduction Committee Symposium, held in 2002 
(Balls, Festing and Vaughan, 2004). This concern 
and other issues related to reduction have now been 
taken up in the UK by the National Centre for the 
Three Rs (NC3Rs), and it must be hoped that more 
progress can be made in the next few years than 
was achieved during the previous 50 years. 

However, it has to be admitted that the signs 
are not encouraging. The numbers of animal pro-
cedures conducted annually continue to increase, 
not least in the UK, which claims to have the 
world’s strictest controls on animal experimenta-
tion (Hudson, 2007). This is partly due to the 
ever-expanding use of genetically modified animals, 
but must also reflect the failure of scientists, their 
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employers and those who license their work, to 
take sufficiently seriously the advice of Russell and 
Burch, or of those who continue to diligently and 
devotedly promote reduction, such as Michael 
Festing. 

Russell and Burch defined replacement as “the 
substitution for conscious living higher animals of 
insentient material”, and a replacement technique 
as “any scientific method employing non-sentient 
material, which may in the history of experimenta-
tion replace methods which use conscious living 
vertebrates”. They distinguished between absolute 
replacement, where sentient vertebrates are not 
required at any stage, and relative replacement, 
which includes non-recovery experiments on intact, 
living, but completely anaesthetised animals, and 
the painless killing of animals to provide cells and 
tissues. Nowadays, attention tends to be focused on 
replacement alternative methods, which include the 
use of lower organisms, the early embryonic stages 
of vertebrates, isolated in vitro sub-cellular, cell and 
tissue preparations, and cell, tissue and organ cul-
tures, computer based (in silico) models, and even 
the ethical use of human volunteers. It is also useful 
to distinguish between direct replacement, in which 
a method provides more or less the same informa-
tion as would have been provided by an animal 
experiment, and indirect replacement, in which the 
information provided is different in kind, but can be 
employed for a purpose similar to that for which 
animal data would have been used. 

Russell and Burch concluded their introduc-
tion to the Three Rs concept with the following 
words: “In general, … refinement is never enough, 
and we should always seek further reduction, and, 
if possible, replacement. Still more generally, re-
placement is always a satisfactory answer, but re-
duction and refinement should, wherever possible, 
be used in combination. ”Refinement”, they said, 
“will inevitably increase efficacy” (i.e. the capacity 
of the experiments to provide the required informa-
tion), “and may incidentally entail reduction as 
well” , and “reduction without impairment of effi-
cacy must reduce costs”. They perceived the bene-
fits of replacement principally in relation to speed 
and efficiency, and the avoidance of inhumanity, 
rather than in terms of costs, because of the need 
for specialist training and equipment. 

Another important distinction is between the 
use of animals and replacement alternative methods 
in fundamental research and in the development 
and safety/toxicity testing of chemicals and various 
products, including drugs, vaccines, cosmetics, and 

agricultural and household products. In the former 
case, in general, the development of methodology 
is ad hoc, and relatively inefficient, being based on 
the “let’s try it and see if it works” principle, whilst 
being subject to peer review when grant applica-
tions are considered and manuscripts are submitted 
for consideration for publication, or when talks or 
posters are presented at conferences. The develop-
ment of drugs and vaccines, and the safety testing 
of these and various other chemicals and products, 
usually involves much more formal procedures for 
the development, validation, acceptance and appli-
cation of methods according to regulations imposed 
by higher national and international authorities with 
the responsibility to protect patients, workers, con-
sumers, the general public and the environment, 
insofar as it is possible, from hazards and risks of 
various kinds. To put it more precisely, the devel-
opment of methodology in basic research is con-
tinuous and relatively informal, whereas in applied 
pharmacology and toxicology, formal and staged 
processes are unavoidable. 

It is for these reasons, and because a variety of 
tests on chemicals and many products are required 
by law, as well as because the tests concerned often 
inevitably involve direct inhumanity, that targeted 
efforts to find replacement alternatives have tended 
to be focused on applied pharmacology and toxi-
cology. In addition, because an enormous variety of 
procedures are used in basic research, it is often 
very easy for scientists to say that, much as they 
welcome the Three Rs concept and support its ap-
plication as widely as possible, it is unrealistic to 
expect that animal use could be replaced in their 
own relatively-narrow research endeavours. 
 
4. The Need for Replacement Alternatives in 
Drug Development 
New drug discovery involves the testing of tens of 
thousands of molecules against a selected target, by 
using methods which are increasingly based on 
biotechnology and breakthroughs at the molecular 
level, and which involve automated procedures 
conducted in vitro by robots. Choosing the right 
target is clearly crucial, and attempts are made to 
optimise the binding and activity characteristics of 
promising candidate molecules and their selectivity, 
in the interests of efficacy and avoiding unwanted 
side-effects. 

For many years, it has been widely accepted 
that new drug development should involve the use 
of high fidelity animal models, before clinical trials 
in humans can be planned and authorised. Usually, 
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the candidate molecule is tested in a rodent species 
(mouse or rat) and a non-rodent species (dog or 
monkey), and sometimes in another species as well 
(e.g. in the rabbit, for local tolerance or pyrogenic-
ity). These studies are intended to provide basic 
data on the absorption, distribution, metabolism, 
excretion and toxicity of the molecule, in the hope 
of establishing that it will be sufficiently safe when 
administered to humans at a dose which permits an 
effective amount to reach the target site. 

If the results are promising, and if its produc-
tion can be successfully scaled-up to produce the 
large amounts needed for preclinical and clinical 
testing, an Investigational New Drug (IND) appli-
cation will be presented to a regulatory authority. If 
approval is given, Phase I safety testing will be 
conducted in a small number of healthy human 
volunteers. If this hurdle is successfully overcome, 
Phase II “proof of concept” studies will be con-
ducted on 100–300 patients with the condition at 
which the drug is aimed. If there are positive signs 
of efficacy, further studies are conducted, in order 
to find the amount and frequency of dosing which 
produces the best outcome, with the least 
side-effects. If the candidate drug overcomes the 
Phase II hurdle, Phase III clinical testing is con-
ducted in hundreds to thousands of patients, and a 
successful outcome eventually leads to a New Drug 
Application (NDA) to the regulatory authority, 
which is accompanied by a vast amount of infor-
mation to support the case for its acceptance. 

The monetary costs to the pharmaceutical 
company increase with each stage of drug devel-
opment, and the implications of the withdrawal of a 
compound progressively become more and more 
serious at each decision point, not least because of 
the considerable investment of time and great ex-
pertise required to get a new drug onto the market 
for general use. 

Since a weakness of design or application at 
any point in the process can threaten the outcome, 
it is vital that the validity and efficiency of each 
procedure is kept under constant review. As a result 
of the withdrawal of a number of candidate drugs at 
very late stages in their development during the last 
few years, the need to fundamentally reappraise the 
value of animal studies as an essential and required 
background to human studies is increasingly being 
emphasised.   The US Food and Drug Admini-
stration (FDA) put it like this in Challenge and 
Opportunity on the Critical Path to New Medicinal 
Products (FDA, 2004): “Tools for safety assess-
ments include product testing (e.g. for contamina-

tion), as well as in vitro and animal toxicology 
studies, and human exposure. Despite some efforts 
to develop better methods, most of the tools used 
for toxicology and human safety testing are dec-
ades old. Although traditional animal toxicology 
has a good track record for ensuring the safety of 
clinical trial volunteers, it is laborious, 
time-consuming, requires large quantities of prod-
uct, and may fail to predict the specific safety 
problem that ultimately halts development. Clinical 
testing, even if extensive, often fails to detect im-
portant safety problems, either because they are 
uncommon or because the tested population was 
not representative of the eventual recipients. Con-
versely, some models create worrisome signals that 
may, in fact, not be predictive of a human safety 
problem.” 

The FDA document goes on to say that: 
“There are currently significant needs, but also sig-
nificant opportunities, for developing tools that can 
more reliably and more efficiently determine the 
safety of a new medical product. … Proteomic and 
toxicogenomic approaches may ultimately provide 
sensitive and predictive safety assessment tech-
niques; however, their application to safety assess-
ment is in early stages and needs to be expanded. 
Targeted research aimed at specific toxicity prob-
lems should be undertaken. … As biomedical 
knowledge increases and bioinformatics capability 
likewise grows, there is hope that greater predictive 
power may be obtained from in silico (computer 
modelling) analyses such as predictive toxicology. 
Some believe that extensive use of in silico tech-
nologies could reduce the overall cost of drug de-
velopment by as much as 50%. … FDA’s files con-
stitute the world’s largest repository of in vitro and 
animal results that are linked with actual human 
outcomes data. Further data mining efforts that ef-
fectively protect proprietary data could form the 
basis for useful predictive safety models.” 

The demonstration of efficacy is also ad-
dressed by the FDA:  “Predicting and subse-
quently demonstrating medical utility (also called 
benefit or effectiveness) are some of the most diffi-
cult and important challenges in product develop-
ment. Currently available animal models, used for 
evaluating potential therapies prior to human clini-
cal trials, have limited predictive value in many 
disease states. Better predictive non-clinical 
screening methods are urgently needed. In many 
cases, developers must gamble on the results of the 
large-scale, expensive trials necessary to assess 
effectiveness in people. Such human trials are cur-
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rently highly empirical, because most sources of 
variability in human responses are not understood 
and thus cannot be controlled for. It is clear to 
many in the field that new scientific advances have 
the potential to revolutionise clinical development.” 

This remarkable FDA initiative presents a 
great challenge and an enormous opportunity, 
which should be welcomed and responded to by all 
concerned, in the interests of good science and hu-
man benefit, as well as animal welfare. Those who 
have a tendency to want to protect the status quo at 
all costs, should note that phrases such as “animal 
toxicology … may fail to predict the specific safety 
problem that ultimately halts [drug] development”, 
and “currently available animal models …  have 
limited predictive value in many disease states” 
have been used by the FDA, and not by animal 
rights protagonists alone. 

Evidence in support of the FDA’s position is 
circulated by Sabre Research UK, “an independent 
charity representing the interests of patients and 
research volunteers by calling for rigorous scien-
tific methods to assess the medical value of re-
search involving animals” (notably via a free ser-
vice, available at subscribe@SABRE.org.uk). Sa-
bre News recently drew attention to an article by 
Perel et al. (2007), which questioned the relevance 
of animal studies as a background to clinical trials, 
because of the poor design of the animal studies, 
and lack of concordance due to bias, random error, 
or the failure of animal models to adequately rep-
resent human disease. Jankowski and Harrison 
(2007) subsequently said that, in their experience, 
while some surrogate animal models may provide 
useful information on the mechanisms of human, as 
well as animal, diseases, “many others are poten-
tially a menace and may actually slow our pro-
gress”. The response by Hackam (2007) to the re-
view by Perel et al. was more tolerant of animal 
models, and suggested ways should be found for 
insisting on improved experimental design. That 
would be consistent with some aspects of The 
Principles, but would not overcome the problems 
of species differences and the failure to give ade-
quate recognition to the high fidelity fallacy. 

These issues were brought sharply into focus 
by the very serious situation which arose in March 
2006, when eight healthy male volunteers took part 
in a Phase I trial on an anti-inflammatory mono-
clonal antibody, TGN1412. Six of the volunteers 
rapidly developed multi-organ failure, one of whom 
will suffer long-term disability (Bhogal and 
Combes, 2006). Preclinical studies had been con-

ducted with a number of animal models, including 
monkeys, but no effects were seen which discour-
aged the manufacturer from proceeding to seek 
permission to conduct the Phase I trial, or the regu-
latory authority from granting its permission. The 
problem appears to have stemmed from the fact  
that the antibody was fully humanised, i.e. it was an 
antibody with human-specific properties, derived 
by protein engineering from an antibody produced 
in a non-human species. It could be said that the 
assumption that animal models could be used to 
establish the safety of such a product is a supreme 
example of the danger of the high fidelity fallacy. It 
seems likely that this tragic event will lead to fun-
damental changes in the way that preclinical and 
clinical studies on new medicines will be con-
ducted in the future (Anon., 2007), especially as  
more and more “humanised” products are likely to 
be developed.    

One recent encouraging development is the 
announcement that ten major pharmaceutical com-
panies will take part in an international 
data-sharing initiative to reduce the need for animal 
testing (Lewcock, 2007). The database will include 
both publicly-available and proprietary data, and 
will be managed by Lhasa, a UK charity, by using 
its new Vitic software. The scheme was formulated 
with the support of FRAME and the RSPCA, and it 
must be hoped that it will encourage a rather wary 
industry to share its historical data much more 
widely in the future than in the past. 

In 1978, FRAME organised one of the first 
conferences ever to take place on the use of re-
placement alternative methods in drug research 
(Rowan and Stratmann, 1980). We plan to return to 
this theme in 2008, as part of our celebrations of 
FRAME’s 40th anniversary and the 50th anniver-
sary of the publication of The Principles. There will 
be much to discuss concerning recent progress and 
future prospects. 
 
5. The Need for Replacement Alternatives in 
Chemical Toxicity Testing 
The situation with regard to the testing of industrial 
chemicals or chemical products not intended to be 
directly applied to or taken into the human body, is 
very different from that with medicines. In the case 
of new drugs, the manufacturer conducts a risk as-
sessment, based on the potential toxicity of the 
chemical and the dose to be recommended in order 
to maximise the benefits to be expected from its 
use. However, the main responsibility of the manu-
facturer of an industrial chemical is to evaluate the 
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potential toxic hazard which the chemical repre-
sents, since the chemical is likely to have a variety 
of possible uses and to be incorporated by many 
downstream manufacturers into hundreds of dif-
ferent products. Thus, the regulations focus on the 
prediction of hazard, and this information is incor-
porated into a safety data sheet, which the manu-
facturer of the chemical provides for downstream 
user customers, who are themselves responsible for 
conducting risk assessments, usually according to 
other sets of regulatory requirements, based on the 
products in which the chemical will be used and the 
likely routes, types and scales of human exposure 
to it. 

The methods for predicting the likely toxic 
hazard of a chemical are dominated by the use of 
high fidelity animal models, and testing is con-
ducted according to international guidelines, pri-
marily the OECD Health Effects Test Guidelines 
(TGs). Data produced according to these TGs (pri-
marily for the manufacturers of chemicals) are then 
incorporated into the submissions made (primarily 
by the downstream users of the chemicals) to the 
national and international regulatory authorities 
responsible for the protection, not only of human 
health, but also for the protection of many other 
organisms and the environment in general, from the 
effects of exposure to hazardous chemicals.  

One regrettable consequence of this situation, 
is that the authorities responsible for the registra-
tion of data produced according to the OECD TGs 
are concerned almost exclusively about whether a 
TG has been followed, e.g. to provide a rat lethal 
toxicity value, rather than about whether the data 
will have any meaningful value in terms of human 
risk assessment or environmental protection. 
Moreover, the representatives of the OECD Mem-
ber States who are responsible for the TGs Pro-
gramme, tend to come from the chemical registra-
tion authorities of the Member States, and they are 
under no strong pressure to update the TGs, let 
alone to replace them with scientifically 
more-advanced, replacement alternative methods. 
FRAME recently came across this problem, when 
we reviewed all the Health Effects TGs from a 
Three Rs perspective and identified many opportu-
nities for improvement (Combes et al., 2004; 
Combes, 2005). It turned out that the OECD TGs 
Programme has no effective procedure for updating 
its TGs! Another consequence is that industrial 
toxicologists, whose principal aim is to get their 
companies’ products accepted and registered for 
use with as few complications as possible, tend to 

say that, whatever the scientific strengths or weak-
nesses of the regulatory requirements may be, they 
have no choice but to comply with them. As a re-
sult, it is difficult to secure the acceptance of new 
methodology into regulatory practice, a point em-
phasised by the FDA (2004) in relation to pharma-
ceuticals. 

Russell and Burch were fully aware of this 
problem, as a few quotations will show: “Many 
have pointed out that they would be making a 
number of practical improvements, were it not for 
the law.”; “It cannot be too widely recognised that 
legislation and regulation here need constant atten-
tion”; “All this is especially important in toxicity 
testing, and such phenomena as the high fidelity 
fallacy may be more prevalent and influential at the 
legal than the laboratory level”; and “There are 
more nebulous restrictions of a semi-legal nature. 
There are some specifications which can be vio-
lated without legal penalty. These may still be ad-
hered to because of the very slight risk of accidents, 
which could be disastrous for a firm that admitted 
to relaxing the rules.” 

Nevertheless, the conservatism which has for 
too long dominated the application of the regula-
tory process to the safety of chemicals, is currently 
being challenged in a dramatic way – by the intro-
duction of a new system for the Regulation, Au-
thorisation and Restriction of Chemicals (REACH), 
which will apply to all chemicals manufactured 
and/or used in the European Union (EU), in order 
to ensure a higher level of protection for human 
health and the environment. This move was 
prompted by concern that as many as 100,000 “ex-
isting” chemicals were already on the EU market 
before the current legislation on “new” chemicals 
came into force in September 1981.  

The implications of the original REACH pro-
posals caused great alarm to both chemical manu-
facturers and their downstream user customers. In 
addition, echoing the points made more than ten 
years earlier by Purchase (1989) and FRAME 
(Anon., 1990), animal welfare organisations and 
scientists spoke out against the proposed check-list 
approach to hazard prediction based on tonnage, 
which would fail to take sufficient account of the 
nature of the chemicals themselves or of likely hu-
man exposure (Balls, 2006). ECVAM responded to 
the REACH proposals by setting up a Working 
Group on Chemicals, which subsequently produced 
a report on the status of non-animal methods for 
chemicals testing (Worth and Balls, 2002), which 
was complemented by a FRAME-initiated sugges-
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tion for an integrated testing strategy (Combes et 
al., 2003). 

There have been many political and adminis-
trative developments in relation to the REACH 
system proposals since they were first put forward 
in 2001, and there is now a vast and burgeoning 
literature on the subject. Many of these develop-
ments are summarised in the Introduction (Grindon 
and Combes, 2006) to a 2006 ATLA supplement 
(Balls and Combes, 2006), which contained a 
number of papers which represent FRAME’s own 
contributions, as well as others with which FRAME 
has connections. Happily, animal welfare consid-
erations and the usefulness of non-animal alterna-
tives to animal testing, which were virtually ig-
nored or given scant attention in the early days of 
the REACH system proposals, are now very much 
to the fore, and greatly increased resources are be-
ing focused on the development and validation of 
non-animal tests and testing strategies, with 
ECVAM being allowed to play a pivotal role. These 
non-animal approaches include computer model-
ling based on (Quantitative) Structure–Activity 
Relationships ([Q]SARs), expert systems and bi-
okinetic modelling, and in vitro systems, involving 
animal or human cell, tissue and organotypic cul-
tures, as well as strategies for their intelligent and 
integrated use. 
  
6. The Need for Caution on the Road Ahead  
The principal reason why there is a need for a 
greater focus on replacement, is that, while reduc-
tion and refinement can make important contribu-
tions to improving animal welfare and the quality 
of the information provided by better-designed and 
more-carefully conducted animal procedures, they 
cannot provide an escape from the problem of in-
ter-species differences and the high fidelity fallacy. 
In relation to human health, the emphasis should be 
on the development of more-modern in vitro and in 
silico, replacement alternative methods and inte-
grated application strategies, which are able to pro-
vide information of direct relevance to human 
physiology, human pharmacology and human toxi-
cology. 

However, great though the opportunities cur-
rently before us undoubtedly are, it is vital that re-
placement alternative tests and testing strategies are 
properly developed and independently proven to be 
a relevant and reliable basis for increasing our un-
derstanding of disease, developing new medicines, 
identifying meaningful toxic hazards, and making 
realistic risk assessments, before they are accepted 

into applied research and regulatory practice (Balls, 
2005b).  At FRAME, we are encouraged by much 
of what is going on around us, but we also have a 
sense of unease, for various reasons, including the 
following: 
 
1. The information provided by the replacement 
alternative approaches will not be strictly compara-
ble with that currently provided by animal tests, 
and it cannot be expected that it could be used by 
applying the traditional risk assessment paradigms, 
by merely substituting non-animal data for animal 
data. Novel approaches to risk assessment will be 
essential, and some recommendations about how 
this could be achieved in relation to chemicals, 
were made at a recent FRAME workshop, spon-
sored by Unilever Research (Combes et al., 2006). 
This question requires urgent attention. 
 
2. It is estimated that about 70% of the animal test-
ing required by the REACH system will be for re-
productive toxicology, and there is pressure from 
some traditional toxicologists and regulators to 
have this testing based on the two-generation test in 
rats, sometimes with additional testing in a second 
species, such as the rabbit. However, whether such 
an approach can be justified on scientific grounds is 
highly questionable, as it is unlikely that it would 
be successful in identifying the very small number 
of human teratogens likely to be found among the 
10,000 or so “existing” chemicals which are of po-
tential concern. Spielmann and Vogel (2006) and 
Combes (2007a), among others, have suggested 
that a much more intelligent approach will be es-
sential, if the use of large numbers of animals, 
without significantly improving the protection of 
human health, is to be avoided. 
 
3. The identification of potential human carcino-
gens is another high-priority issue, but it has re-
peatedly been claimed that the rodent bioassay, on 
which the regulatory process for chemicals and 
drugs currently relies, is fundamentally flawed (see, 
for example, Knight et al., 2006). Indeed, it is 
questionable whether the bioassay can realistically 
be expected to identify rodent carcinogens, let 
alone human carcinogens. The development of a 
human-oriented strategy for identifying chemical 
carcinogens, involving in vitro and in silico proce-
dures, should be a matter of the highest priority. 

 
4. The final text of the REACH legislation contains 
the following statement concerning in vitro meth-
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ods (see Grindon, 2007): “Results obtained from 
suitable in vitro methods may indicate the presence 
of a certain dangerous property or may be impor-
tant in relation to a mechanistic understanding, 
which may be important for the assessment. In this 
context, "suitable" means sufficiently well devel-
oped according to internationally agreed test de-
velopment criteria (e.g. the ECVAM criteria for the 
entry of a test into the prevalidation process).” This 
statement appears to accept the usefulness of an in 
vitro method which has been developed, but has not 
been formally validated, i.e. independently assessed 
and found to be reliable and relevant in relation to 
its stated purpose. It would also seem to give or-
ganisations such as ECVAM the unilateral power to 
decide that a method has been developed to the 
point where it is “suitable”. All attempts to bypass, 
unduly streamline or manipulate the now 
well-established validation process must be firmly 
resisted, since they open up the possibility of the 
acceptance of “suitable” methods due to commer-
cial or political pressure. This would damage the 
orderly development, acceptance and use of re-
placement alternative methods, and could compro-
mise human health and the protection of the envi-
ronment (Combes, 2007b). 
 
7. Concluding Comments 
Those of us who promote the progressive replace-
ment of the need for animal experimentation, and 
who hope for its eventual elimination altogether, 
must not imagine that we are immune from Russell 
and Burch’s insistence on the criterion of humanity. 
As they said in The Principles, “If we are to use a 
criterion for choosing experiments to perform, the 
criterion of humanity is the best we could possibly 
invent. … The greatest scientific experiments have 
always 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.” 

Seeking to avoid the causation of animal suf-
fering will not be sufficient. We cannot escape the 
responsibility for ensuring that the replacement 
alternatives are developed in ways which are hu-
mane in every sense of the word, being in the in-
terests of humans as well as animals, by exploiting 
the opportunities afforded by progress in the cell 
and molecular biosciences, accepting new methods 
into use only after rigorous and independent valida-
tion, then applying them intelligently and according 
to the highest scientific standards. If inadequate 
tests are allowed to get through the net, however 

“suitable” they may have seemed at the time, the 
consequences could be very grave indeed. 
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