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Can experiments on lower organisms contribute to the refinement, 
reduction and replacement of animal use in biomedical research? 
 
It is an uncomfortable truth that research into our understanding of disease 
and the development of potential medicines involves the use of animals as 
model systems. Under the terms of the Animals (Scientific Procedures) Act 
19861, any experiment carried out on vertebrates2 must be licensed by, and 
documented with, the Home Office. The 1986 Act covers research on 
mammals, birds and reptiles once they have passed beyond halfway in the 
gestation or incubation time for the relevant species or, for other vertebrates, 
after they have become capable of independent feeding. According to their 
statistics, there were approximately 3.2 million animals used for scientific 
procedures in UK laboratories during 2007, the most recent year for which 
figures are available (Home Office, 2008).  
 
 
Ethics of animal experimentation – a complex picture 
Although discussions on the use of animals in research are sometimes 
portrayed as a battle between those ‘for’ and those ‘against’ animal 
experimentation, this is an overly simplistic analysis. In reality, there are a 
range of positions adopted on the issue, and these can be based upon a 
variety of rationale. Indeed, as one commentator has observed “It is easy to 
become bemused very quickly by the variety and complexity of the moral 
arguments employed in the animal ethics debate” (Garner, 2005: p14). Space 
here does not permit an exhaustive discussion of the positions and their 
justifications; however, it is necessary to offer an outline of some views as a 
platform for subsequent consideration of the ethics of research using lower 
organisms3.  
 
Much of the evaluation of the legitimacy of animal experiments involves cost-
benefits analysis, with a prominent role played by sentience4, i.e. the 

                                                 
1 Hereafter “the 1986 Act” 
 
2 Curiously, alongside vertebrates, the legislation also includes one species of cephalopod, Octopus 
vulgaris. For fluency of reading, subsequent reference to the 1986 Act will omit specific mention of 
octopus but it is duly noted that research involving this species is regulated in the same way. 
 
3 Animal ethics (Garner, 2005) and the Nuffield Council on Bioethics report The ethics of research 
involving animals (Nuffield, 2005) are excellent places to commence a fuller survey of arguments for and 
against animal research. 
 
4 It is interesting to note, however, that the prominence given to sentience in the context of animal 
experimentation causes alarm to many ethicists when extrapolated to different issues. For example, 
Environmental ethicists express concern that emphasis of sentience undermines their position regarding the 
intrinsic merit of non-sentient resources. Similarly, those wishing to maintain the high moral status of the 
embryo may feel over-reliance on sentience undermines their position. It nevertheless remains true that an 
ability to experience suffering has been at the heart of much of the discussion of the legitimacy of utilising 
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potential of animals to experience pain and suffering. The importance of 
sentience has a long philosophical pedigree, famously traceable to Jeremy 
Bentham and his statement “the question is not, Can they reason? nor, Can 
they talk? but, Can they suffer?” (Bentham, 1789). It is worth noting at the 
outset, however, that sentience is not the only criterion on which a case 
against the use of animals in research has been constructed. 
 
 
An end to animal experiments? 
Individuals who seek an outright ban on the use of animals in research tend 
to base this view on two different but complementary gambits. Firstly, 
abolitionists argue that animal experiments are unjustified because they do 
not produce the benefits attributed to them. Secondly, they consider it 
morally wrong to exploit animals to advance human health. Putting aside for 
a moment discussion of the scientific validity of experiments using model 
organisms, what arguments are constructed to question the morality of 
animal experiments? 
 
Despite his reputation as “the father of the modern animal rights movement” 
(Walsh, 2006), Peter Singer is, in fact, an animal welfarist not an abolitionist. 
For a philosophical justification of an outright end to animal experiments it is 
more natural to turn to Gary Francione, and particularly to Tom Regan. In 
the opening sentences of his book Animal Rights, Human Wrongs, for 
example, Regan includes “the total abolition of the use of animals in science”5 
as one of the goals of the animal rights movement (Regan, 2003: p1). 
Animals, he has argued, have “an individual experiential welfare that is 
logically independent of their utility for, and the interests of, others” (Regan, 
2004: p264).  
 
Coining the term “subject of a life”, Regan believes that any being 
manifesting features over and above mere consciousness – for example, 
memory, self-awareness of context or emotions – has inherent rights. In doing 
so, he draws heavily upon the so-called “marginal human” argument. If we 
are willing to afford rights to “marginal humans”, i.e. individuals from the 
species Homo sapiens who are extremely handicapped either mentally or 
physically, then we ought to be at least as willing to recognise the inherent 
value of animals that fulfil the criteria to be subjects of a life. 
 
The view that animals have inherent rights is lampooned by those who 
suggest that we ought therefore to grant them the right to vote, to attend 
school, etc. Regan’s position is, however, more sophisticated and he does not 
                                                                                                                                                 
animals in research. 
 
5 This view, as we shall see below, also requires some demarcation. Suffice at present to say that not all 
creatures taxonomically within the animal kingdom qualify as ‘animals’ in the sense used here. 
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suggest that human life and animal life are exactly equivalent; faced with a 
direct choice between saving the life of a human or an animal we should 
normally save the human. He would stress, however, that this non-
equivalence of value does not justify animal experimentation since the latter 
does not represent a situation where we must chose directly between the life 
of one and the life of the other. 
 
 
Liberal about animals not animal liberation? 
At the other end of the spectrum would be individuals willing to hold that 
animals can be used in whatever ways human see fit. Historically, this 
position has sometimes been justified by a particular reading of the creation 
mandate in which God instructs mankind to have dominion over the earth, 
including all animals6. Philosophically, a permissive attitude to the 
treatment of animals is associated with Rene Descartes and his apparent 
view that animals are not sentient, and therefore are of no moral worth 
(except in so much as they may be the property of another man).  
 
This outlook is increasingly rare, indeed a major report The ethics of research 
involving animals7 recent went as far as to say “it is now uncontested that 
many animals are capable of feeling pain” (Nuffield, 2005: p41). Variants of 
this view do, however, persist. Peter Carruthers, for example, seeks to draw 
distinction between conscious and non-conscious experience of pain. Animals 
may respond to pain stimuli but we are guilty of anthropomorphism, it is 
argued, when we interpret their response as being equivalent to the feelings 
we would have under similar circumstances. Others, typified by Raymond 
Frey, acknowledge that animals are capable of suffering but still carry no 
moral standing since they have no “good or well-being which can be harmed 
or benefited” (Frey, 1980: p79). 
 
 
Are animal experiments unnecessary? 
Although some anti-vivisectionists continue to maintain that findings from 
animal experiments do not readily translate into human use8, the vast 
majority of people would recognise that tangible benefits have resulted from 
research involving animals. For example, an editorial in the journal Science 

                                                 
6 Genesis 1:28 (New International Version, 1987) ‘God blessed them and said to them, “Be fruitful and 
increase in number; fill the earth and subdue it. Rule over the fish of the sea and the birds of the air and 
over every living creature that moves on the ground”.’ 
 
7 Hereafter “the Nuffield report” 
 
8 Frequently citing a press release from the Food and Drug Administration in which Mike Leavitt, US 
Secretary of Health and Human Services, notes that over 90% of new drugs fail during clinical trials 
despite passing through animal studies is (FDA, 2006, see also Archibald and Clotworthy, 2007; Shanks et 
al, 2009)) 
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noted “Almost everything we know about the fundamental properties of living 
cells – how they grow and divide, how they express their genetic information, 
and how they use and store energy – has come from the study of model 
organisms” (Fields and Johnston, 2005: p1885). A similar point was made in 
the Nuffield report regarding our knowledge of the endocrine (hormone) 
system (Nuffield, 2005: p91)9. 
 
 
Moral orthodoxy: conduct research, but only if necessary 
Between the poles of outright liberty and outright prohibition lies middle 
ground, sometimes termed the “moral orthodoxy” (e.g. Garner, 1993; Munro 
and Beaumont, 2005), in which animal experimentation is recognised as 
being less than ideal but is warranted by the fact that human life is of 
greater value than animal life. Research should not be undertaken in a light-
hearted way and there ought to be conscious attempts to modify the conduct 
of experiments so as to reduce the amount of suffering experienced by 
animals. It is at this point that the “3Rs approach” needs to be introduced. 
 
 
Refine, Reduce, Replace –the 3Rs 
Although it was not widely read at the time, William Russell and Rex Burch’s 
1959 book The Principles of Humane Experimental Technique is now credited 
as the first to propose the so-called 3Rs approach in which animal 
experimentation is accepted on the proviso of an active commitment to the 
Replacement, Reduction and Refinement of such research at the earliest 
opportunity10. The 3Rs is now central to policy and regulation in the UK and, 
to a lesser extent, elsewhere11.  

                                                 
9 It is important to recognise that the fact that animals have been involved in significant experiments for the 
advancement of human health does not mean that such a role was essential and thus is not necessarily an 
endorsement of such procedures;. As Garner notes “Accepting that some animal experiments have 
produced results is very different from accepting such benefits as morally acceptable” (Garner, 2005: 
p129). 
 
10 “Replacement, Reduction and Refinement” was Russell and Burch’s original listing of the 3Rs, but this 
sequence is frequently altered; for example, the National Centre for the 3Rs (www.nc3rs.org.uk) has the 
order as Replacement, Refinement, Reduction. Changing the order may reflect nuances of emphasis within 
different organisations. It is also worth noting that there are several unrelated uses of “the 3Rs”, including 
in environmental ethics for “Reduce, Reuse, Recycle”. 
 
11 Although widely endorsed, the 3Rs are not universally popular. Abolitionists seeking an end to all 
animal experimentation are unhappy because the underlying premise of the 3Rs accepts the continuance of 
some animal work. There are also advocates of research critical of this approach. For example, Stuart 
Derbyshire comments that: “the three Rs were not developed from the perspective of good scientific 
practice. They were developed from the perspective of animal welfare.  This makes the three Rs disastrous, 
reinforcing a low-life opinion of animal researchers and encouraging the notion that animal experiments 
are problematic.  Once the perspective of the animal is adopted, it is inevitable that all experimentation 
will be seen negatively, as no animal experiments are in the interests of the animal. Adoption of the three 
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Refine: refinement of experiments involves looking for ways to both reduce 
suffering and improve the welfare of research animals. The Nuffield report 
specifically identifies four dimensions in which refinement can be enacted: (a) 
housing, husbandry and care; (b) experimental procedures; (c) pain 
management; and (d) humane endpoints. “Good animal welfare” it is noted, 
“is consistent with good science” (Nuffield, 2005: p210). 
 
Adaptations to husbandry can improve the day to day experience of research 
animals. Greater space and more capacity for social interaction offer clear 
benefits. In the case of rats and mice, for example, this could be 
supplemented by provision of nesting material, adequate height to allow the 
animals to stand up and a solid floor underfoot. The environment might be 
further enriched by addition of interactive features, material that can be 
gnawed and places where the animals can hide. 
 
In terms of experimental procedures, conscious endeavour to make the 
animal as calm as possible can go together with the use of the smallest 
possible needle and reduction in the frequency of dosing. For some protocols, 
knowledge of anatomy may be beneficial. 
  
The Nuffield report highlights the need for staff training and awareness 
regarding pain management. This can include the use of pre-emptive as well 
as post-operative pain relief.  
 
Finally, recognising that the majority of animal experiments will end with 
the death of the research subjects, either because they are no longer required 
or because the study specifically involves analysis of their tissues and organs, 
the Nuffield report emphasises that the humane death of the organisms 
ought to occur as early in proceedings as is scientifically valid. 
 
Reduce: hand in hand with improvement to the welfare of research animals 
is a commitment to “the use of fewer animals in each experiment without 
compromising scientific output and the quality of biomedical research and 
testing” (Nuffield, 2005: p216). Better investigation design – including the use 
of smaller-scale pilot studies – and improved knowledge of statistics should 
allow fewer fruitless experiments to be conducted, and therefore reduce the 
overall number of animals being studied (Pound et al, 2004). It is 
acknowledge, with some regret, that competitiveness between companies 
and/or rival research groups within a field will lead to some duplication.  
 

                                                                                                                                                 
Rs comes across as a confession of guilt. The impression is that research animals are a ‘necessary evil’, 
when, in fact, they are necessary, period.” (Derbyshire, 2002: p39). 
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Replace: The third dimension, and the one most pertinent to the present 
discussion, involves the replacement of current or potential experiments by 
employing alternative strategies. From the outset, it is worth pointing out 
that “replacement” does not directly equate to “animal-free”. Remember that 
the Animals (Scientific Procedures) Act 1986 only covers experiments with 
live vertebrates. Tissue taken from humanely killed animals, and research 
conducted on lower organisms, or embryos of vertebrates can count as 
replacement. Distinction is drawn between “complete” replacements, in which 
no animal-sourced material should be used and “incomplete” replacements, in 
which animal material may be involved12.  
 
Several strategies for the complete replacement of animals are being 
investigated. One approach is to look for increased in silico, i.e. computer-
based, modelling based, drawing upon knowledge gleaned from prior research 
(Terstappen and Reggiani, 2001). 
 
To the delight of campaigners unconvinced by the medical relevance of 
information derived from model organisms, there is also growing interest in 
human microdosing (Lappin and Garner, 2003; Rowland, 2006). Sometimes 
termed Phase 0 human trials, microdosing involves giving volunteers an 
extremely low dose of a radioactively-labelled drug. The fate of the drug, both 
in terms of destination tissue and metabolic processing, can be determined by 
following the label by positron emission tomography and/or mass 
spectroscopy. 
 
Alternatively, insights can come from experiments using human subjects in 
scanning devices such as magnetic resonance imaging machines, using 
human cell cultures or using human tissue donated from cadavers, biopsy 
samples, etc13.  
 
Finally, there is the potential to use organisms, particularly those falling 
outside the remit of the 1986 Act. It is to consideration of such species that 
we now turn. 
 
 

                                                 
12 It may be helpful here to draw parallels to the difference between vegetarianism and veganism regarding 
the acceptability of animal-derived material 
 
13 Ironically, the implementation of the Human Tissue Act 2004 following the scandals at Alder Hey and 
Bristol Royal Infirmary has had some adverse impact on the availability of human tissue for biomedical 
research (Dr Hadwen Trust, undated). 
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Research involving non-mammalian species: what and why? 
There is an inherent tension in the use of model organisms in animal 
experiments. Scientifically it seems reasonable to believe than the more 
closely related the test species is to humans, the greater is the likelihood that 
data derived from the research will be clinically relevant. Ethically, however, 
the nearer the organism is to mankind the more controversial it becomes to 
subject them to potential suffering for our benefit. A trade-off between these 
two factors is therefore required – with researchers seeking to use the 
simplest organism which will generate scientifically-valid data.  
 
At present the balancing point is generally centred upon rodents, particularly 
mice14. An ability to shift the majority of work outside the class Mammalia 
could contribute to the 3Rs. A large amount of research is already conducted 
on non-mammalian organisms. These include: zebrafish (Danio rerio); 
tropical frogs (Xenopus laevis); fruit flies (Drosophila melanogaster); 
nematode worms (Caenorhabditis elegans); and two species of yeast 
(Saccharomyces cerevisiae, Schizosaccharomyces pombe). We will consider the 
motivation scientists have for studying these model systems, prior to focus on 
zebrafish as a particularly interesting example. 
 
In truth, there are many reasons why researchers are choosing to use such 
species and ethical considerations may only be a small element of their 
thinking. To a first approximation, the simpler the organism the cheaper 
they are to maintain and the shorter the life cycle (thereby allowing for 
quicker discoveries). Furthermore, the ability not only to control the breeding 
of organisms but also to intervene at a molecular level to alter the expression 
of genes is a powerful tool. 
 
 
Clinical relevance of experiments using lower species 
Alongside consideration of the ethics of research using non-mammalian 
organisms sits a distinct but related question; are data derived from such 
lowly species of clinical relevance to humans? Clearly studies would be of 
little clinical benefit if the resulting information did not translate into human 
contexts. The relevance of data derived from lower organisms is, in fact, 
becoming increasingly evident. The sequencing of the human genome 
received vast coverage in the popular media (e.g. Highfield, 2000). Rather 
less fanfare has accompanied the complete determination of the gene 
sequence in a range of other organisms. Such genome projects have, however, 

                                                 
14 About 80% of experiments carried out on vertebrates currently involve mice (Home Office, 2008). 
Increasingly these mice have been genetically-modified in some way, for example to mimic a human 
disease (see below). 
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revealed a remarkable degree of genetic conservation across different 
species15.  
 
A variety of experimental approaches are now demonstrating the validity of 
these relationships at a cellular level. By way of illustration, consider one 
example from each of the model organisms mentioned. Experiments 
conducted in the yeast Sch. pombe in the 1980s have paved the way to our 
understanding of normal cell division and cancer in humans (Lee and Nurse, 
1987; Bussell, undated). Complementary work on cell cycle control in 
Xenopus led to the discovery of Cyclin proteins (Gautier et al, 1990)16. Bakers’ 
yeast S. cerevisiae is proving an invaluable model for studying Huntington’s 
disease (Giorgini and Muchowski, 2009). Mutations in the gene for a human 
presenilin protein now identified as significant factors in Alzheimer’s Disease 
were first identified in nematodes (Kaletta and Hengartner, 2006). 
Experiments conducted in Drosophila are offering valuable insights into the 
role of a protein α-synuclein in Parkinson’s Disease (Chan and Bonini, 2000). 
Studies on the zebrafish mutant sapje have proven valuable in 
understanding the pathogenesis of muscular dystrophy (Lieschke and Currie, 
2007). 
 
 
Why zebrafish? 
Since the mid-1990s there has been a dramatic increase in the number of 
experiments being conducted using zebrafish. A combination of attractive 
properties has fuelled the explosion of interest in this species. Adult zebrafish 
reach a length of only 1 to 1.5 inches and therefore require little space and 
expense for their maintenance. A female can lay in excess of 100 eggs per 
day, and these are fertilised ex vivo by the male. The resultant embryos 
develop rapidly; their basic body plan is established within a day of 
fertilisation and a further 1-2 days later they hatch. Independent feeding 
occurs from 5 days post-fertilisation (Hill et al, 2005; Scholz et al, 2008).  
 
As vertebrates, of course, work on the fish from this point (i.e. independent 
feeding) onwards would come under the auspices of the 1986 Act. However, it 
is the optical transparency of zebrafish embryos and larvae that have been 
particularly alluring to scientists since this facilitates ongoing monitoring of 
physiological development. Coupled with the fact that the eggs develop ex 
vivo, study of zebrafish embryos is therefore easier and more informative 
than study of mouse embryos which must be harvest from the uterus, an 

                                                 
15 “About 60% of the human disease genes that have been identified thus far have counterparts in the fly 
and worm” (Hunter, 2008) 
 
16 In 2001 Paul Nurse and Tim Hunt shared the Nobel Prize for Medicine for their work on Sch. pombe and 
X. laevis, respectively 
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invasive procedure, performed at one timepoint and therefore not offering the 
continuity of data possible with zebrafish.  
 
The capacity to study the impact of, for example, an experimental drug on the 
development of the whole organism is superior to in vitro experiments with 
isolated cells or enzymes. At the same time, toxicology studies using zebrafish 
embryos only require milligram quantities of a given compound rather than 
grams for murine studies. When this is added to a burgeoning knowledge 
regarding ways to genetically manipulate zebrafish, it becomes apparent why 
they are becoming popular for disease modelling, identifying novel targets for 
new drugs, and testing potential drugs for both their efficacy and toxicity 
(Zon and Peterson, 2005). 
 
 
Is the use of lower organisms acceptable to the animal rights 
movement?  
Some activists within the animal liberation movement remain opposed to 
work on non-mammalian species. PETA17, for example, include fruit flies and 
zebrafish in their list of abused animals (PETA, undated)18. Although 
statements such as “the only adequate response to vivisection is empty cages, 
not larger cages” (Regan, 2002: p36) give the impression that Regan would 
not countenance the 3Rs, it appears that he may accept research using lower 
organisms. In the same essay, for example, Regan notes “amoeba and 
paramecia are not vegetables or minerals; they are animals. No one engaged 
in the vivisection debate thinks that the use of such simple animals poses a 
vexing moral question…All parties to the debate must ‘draw a line’ somewhere 
between the simplest forms of animal life and the most complex, a line that 
marks the boundary between those animals that do, and those that do not, 
matter morally.” (Regan, 2002: p30-31).  
 
Where would Regan himself draw such a line? An answer is revealed by his 
response to a hypothetical question about insect pests. “Not all animals have 
rights because some animals do. In particular, neither mosquitoes nor roaches 
have the kind of physiological complexity associated with being a subject of a 
life. In their case, therefore, we have no good reason to believe that they have 
rights, even while we have abundantly good reason to believe that other 
animals (mammals in particular) do” (Regan, 2002: p34). It therefore seems 
that Regan would not object to experiments on lower organisms per se, 
though he would still campaign against any subsequent experiments on 
mammals motivated by knowledge derived from this work.  

                                                 
17 People for the Ethical Treatment of Animals  
 
18 Yeast is, of course, an essential agent in both the baking and brewing industries. To the best of my 
knowledge, not even vegans forgo these products despite their adverse effect on the organisms. 
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Conclusions 
Despite widespread commitment to the 3Rs within the research community, 
the rising use of genetically-modified (transgenic) mice has seen an annual 
increase in the number of animals used in research (Home Office, 2008). It 
seems likely that this trend will continue for a number of years19. There are 
also indications, however, of a shift towards greater use of lower vertebrates 
and invertebrates. Genome sequencing projects have highlighted the 
conservation of cellular functions across diverse species. Furthermore, a 
growing body of experimental data, in which lessons learnt from relatively 
simple model organisms has translated to human contexts, lends support to 
the scientific validity of such work. The zebrafish is emerging as a 
particularly useful tool both for basic research and for toxicity testing. 
 
Although such work will not entirely replace experiments using mammals20, 
it may facilitate a reduction in the number of higher animals sacrificed 
pursuing unprofitable lines of research (Fleming, 2007). The motivation of 
individual scientists to adopt strategies using lower organisms may be based 
upon economic and scientific priorities as much as ethical criteria. Provided, 
however, that this leads to a decline in unnecessary suffering, a shift to 
studying non-mammalian species will represent a valuable contribution to 
the 3Rs. 
 
 

                                                 
19 One estimate suggest some 300,000 new genetic strains of mice will be deliberately engineered during 
the next 20 years (Abbot, 2004) 
 
20 For the foreseeable future it will, for example, remain a legal requirement for toxicological testing to be 
conducted in at least two animal species, including a rodent and a higher mammal (Home Office, 2006) 
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