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Introduction 
 
Refinement, one of the Three Rs, is perhaps the area where most progresscan be made to 
reduce any animal suffering incurred in animal experimentationin the short term. Another 'R', 
Reduction, will reduce the number of animalsused in research through good statistical 
experimental methods and design.This paper shows how non-statistical strategies can 
contribute markedlyto minimising pain and suffering in an experiment. The third 'R', the 
Replacementof animals in experiments, however, is a longer term aim which 
requiresconsiderable investment, and input of basic animal biology data, eforeabsolute animal 
alternatives can be made available to provide reliable cientificdata. In the past 20 years or so, 
Replacement has developed as a conceptmore in relation to toxicity testing and finding ways in 
which the necessaryharms done to animals (e.g., the necessity to produce clinical signs 
oftoxicity in order to determine the toxicity of a chemical) can be eliminated.In fact, less than 
10% of animal experiments involve toxicity testing (UKHome Office Statistics, 1996). The use 
of replacement alternatives in theother 90% of experiments is less likely as whole animals are 
needed. Thisis because the purpose of the experiment is not simply to determine toxicitybut to 
determine function of part of the body (eg. the immune system, thereproduction cycle) or to 
test the effectiveness of new medicines (eg. antibiotics,anti-hypertensives, anxiolytics, 
analgesics, anesthetics) and so requirewhole animal body systems to be fully functional. 
Nevertheless, even inthese situations, in vitro methodology 
can provide important informationfor the investigator. It may seek to answer questions such as 
whether achemical interacts with cell receptors, or at what level is it toxic, ordoes it fail to 
interact? 
 
Refinement 
 
Refinement not only attempts to reduce negative states in animals, but promotespositive 
mental and physical states. It can be defined as follows:Those methods which avoid, alleviate 
or minimise the potentialpain, distress or other adverseeffects suffered by the animals 
involved,or which enhance animal wellbeing.The scientific paradigm is normally to vary one 
parameter at a time in someform of standard experimental protocol. Thus identifiable variables 
arelimited as much as possible in any one experiment, so that only the specificvariable of 
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interest is examined. This objective will be compromised notonly by poor experimental design 
but also through inadvertent side effectswhich can occur as a result of compromised animal 
wellbeing. Unintendedanimal suffering deriving from physical damage to an animal, or 
physiologicalor psychological perturbances from normal, can materially affect the scientificdata 
collected and so should be avoided as far as possible. Avoiding suchconfounding effects is more 
than simply the provision of anesthetics andanalgesics when animals may be in pain, or 
alleviating distress and fear.While these are very important, there are additional strategies 
which canbe employed to reduce the level of animal suffering, notably the statisticaland non-
statistical design of experiments. Traditionally, research intothe refinement of experiments has 
not been rigorously investigated as itis not seen to be part of the main line of research. 
Consequently, importantquestions such as how much pain should be caused to demonstrate 
effectiveanalgesia are often ignored. If scientists wish to claim they practise humanescience 
then they have to pay as much attention to avoiding unnecessarypain and distress to their 
animals as they do to their scientific objectives. Humane science will influence the welfare of 
the animals as well as thescientific quality of the work, and deserves detailed consideration. 
Moreover,attention to refinement will have a beneficial effect on the costs of theresearch, 
because both experimental design and the welfare of the animalsaffect the variance in the 
scientific results. Poorly designed experimentswill be likely to use more animals than necessary 
to achieve the scientificobjective, which in turn will lead to increased costs for upkeep, 
administration,record keeping and treatment. As important scientific discoveries oftenhave to 
be validated by replication of the work in another laboratory, thistoo will add to the overall 
costs if the work has been poorly carried out,especially if not accurately and fully reported. It is 
important that  cientificprotocols, including the precise experimental design, are recorded in 
detailin peer reviewed journals (Morton, 1992). Factors leading to good animalwelfare will 
usually also lead to reliable, accurate and economic science. 
 
Literature review and choice of model 
 
There are three primary points to establish before embarking on any experiment.Has the work 
been done before; is there an alternative way of achievingthe scientific objective without the 
use of sentient animals (eg. usinginvertebrates, or in vitro techniques); and is the scientific 
question worthanswering, in the light of the pain and suffering that may be caused tothe 
animals during both their husbandry and the experimental procedures. 
 
It is also important to review the literature before starting any work,focusing not only on 
whether the proposed approach to the scientific objectiveis appropriate, but carrying out a 
critical analysis on whether the proposedmodel really will achieve the stated objectives. If there 
is a choice ofmodels then the advantages and limitations of each should be considered.For 
example, is the model simply reproducing the clinical signs of a disease,or reflecting the actual 
cause of the disease, such as the infective agentor the genetic defect (it is in this area that 
transgenic animals shouldbe improving the validity of certain animal models of human 
diseases)? Hasthe model been validated in any way, if so how, and is it scientificallyacceptable? 
The choice of species can be critical when the results are to be extrapolatedto humans. Those 
animal species with similar genetic predispositions, ormetabolic pathways, or that show similar 
pathology to humans are likelyto be better models. When the purpose of the work is specifically 
aimedat a non-human species (eg. veterinary, zoological or wildlife research)then other 
considerations come in, such as the stresses involved in captureor confinement. It is also 
important to remember that there are strain orbreed differences within a species which can be 
critical (Claassen, 1994;Hendriksen and van der Gunn, 1995). Both species and strain should 
be comparablefor scientific validity. 
 
Other questions include whether adequate facilities are available locallyto create the model. Is 
the necessary expertise available to recreate itaccurately and precisely; and are the staff able 
to care for the animalafterwards and during its lifetime (Smith and Boyd, 1991)?  In some 
countries special justification is required for the use of somespecies, eg. in the UK the use of 
dogs, cats, horses and primates. Thisis not related to the biological needs of these animals, or 
to their abilityto feel pain more than other species, rather it is an attempt to reflectthe special 
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public concern over the use of some species compared with others.Those species that are often 
eaten, regarded as pests, or are at least distastefulin some way or another, even though they 
may also be kept as pets (eg. mice,rats, gerbils, hamsters, guinea-pigs, rabbits) cause least 
public concern.Surely, the rational choice of species is the one that is the least 
sentientconsistent with sound science. 
 
The use of anaesthetics and analgesics 
 
Scientific procedures should be performed under anesthesia (ie. general,regional, local or with 
analgesia) unless either the pain or discomfortof the procedure is less than that caused by the 
anaesthetic; or its usewould be incompatible with the scientific objectives. The latter has tobe 
shown and not assumed and a scientific approach is the best way to dothis. Often assumptions 
are made to the detriment of animal wellbeing, andpossibly also to the quality of the science, 
because of the animals' responsesto stressors; but by not researching this, it is never revealed. 
In additionthe type of anaesthesia should be suitable for both the species and theduration of 
the procedure and the researchers should be competent in itsadministration. If no anaesthesia 
is to be used it is important that painand fear should be kept to a minimum through the use of 
analgesics and tranquillisers. 
 
The importance of competent and skilled investigators 
 
Competent and skillful researchers are vital for the production of goodscience. Poorly carried 
out techniques can cause considerable, and avoidable,suffering and it is in the interests of both 
science and animals that allscientific procedures are carried out in the most humane manner. A 
new techniquethat demands new skills should be carefully learned by an investigator 
beforeembarking on an experiment in which animals recover and data are recorded,even if 
more animals have to be used. Becoming competent in a techniqueinvolves watching those who 
are competent and learning the 'tricks of thetrade'. Depending on the technique to be learned, 
it may be appropriateto dissect dead animals to learn the anatomy and to understand the 
inherentdangers of inaccuracy. The equipment to be used must be suitable to thespecies, 
strain, sex and size or age of the animals. For a surgical technique,the next stage may be to 
practise on recently killed animals so that thetissues are warm as this can markedly alter their 
texture and hence thevalue of the learning experience for the operator. Finally, a surgical 
techniquecan then be applied to anaesthetised animals which may be allowed to recoverif it has 
gone well, but if not, those animals should be killed. The importanceof learning with a 
competent, skilled and up-to-date scientist or techniciancannot be overemphasised. Moreover, 
even simple techniques on consciousanimals like handling, oral dosing, parenteral 
administration of substancesand removal of blood, if carried out badly, can significantly elevate 
thelevel of animal pain and distress. This in turn will cause further problemsnext time as the 
animal anticipates what is about to happen based on itsprevious experiences. 
 
Statistical advice  
 
It is well worth obtaining statistical advice before an experiment is started.There are many 
standard texts and commentaries (eg. Mead, 1988; Erb, 1990;Mann et al., 1991; van Zutphen 
et al., 1993; Festing, 1994;Erb, 1996; Chamove, 1996; Khamis, 1997) covering the various 
approaches.They include concepts such as avoiding using too few animals during an 
experimentas opposed to too many; what data are to be collected and how the data shouldbe 
analysed; the value of pilot studies and prior information of expectedvariance; the  alculation of 
the number of groups, the number of animalsin each group and increasing the power of an 
experiment through blocking;ongoing analysis during an experiment; as well as statistical 
instrumentsand tests. 
 
The limitations of scientific evidence, extrapolation and animal numbers 
 
The purpose of an experiment has to be clearly defined, including the  rimaryapplication of the 
results. For instance, in safety testing for a new chemicalentity, the necessity to obtain acute 
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toxicity data to a probability of<0.001 is pointless when an extrapolation is to be made to 
another species,normally the human. Moreover, if a fudge factor, such as a further 
safetymargin of 100x the toxic dose found in animals, is going to be used to calculatethe 
hazard involved in any exposure for humans, say for the transport ofthat substance, then the 
futility of such precise experimentation is highlightedeven further. The question to be asked is, 
What is going to be done withthe results? When there is a clear difference in consequent 
actions basedon the difference in probability estimates, and the preferred action canbe justified, 
the required animal use is acceptable. But if there is tobe no difference in action between 
different statistical precisions thenthe lowest acceptable precision which will lead to the use of 
the fewestanimals should be used. Another instance is when it has been decided that even if 
one animal ina group fails a test, then a specific action will take place. For example,if a 
substance is going to labelled as toxic on the basis of one animalin a group of six reacting 
adversely, and if the first animal reacts adversely,then there is no point in continuing with the 
experiment and giving thatsubstance to the remaining five animals. It would have provided 
valid scientificinformation, of course, but the practical applied outcome has already beendecided 
and so there is no point in continuing the study and causing painand suffering to the remaining 
animals.  
 
Protocols evaluating new treatments, eg. the rodent protection test (RPT)help determine, for 
example, effectiveness and therapeutic levels of antibioticsfor use in humans. In the RPT, the 
effectiveness of a novel compound toprevent or treat infection is investigated over a range of 
doses using standardmicro-organisms in an animal model (mouse or rat). If, compared with 
othersimilar drugs, the compound appears to have advantages (eg. showing a betterbacterial 
kill rate or less toxicity) then the information gained from theanimal studies will be taken into 
account when Phase one (healthy humanvolunteers) and Phase two (human patients who can 
expect to benefit therapeuticallyand in whom effective dose levels will be determined) studies 
are undertaken.There is little need for high precision in the animal model species as opposedto 
the target species and yet the approach of accepting a lower statisticalprobability (p < 0.05 cf. 
p < 0.01) may mean the difference between5 and 50 animals in a group. This is especially 
important in the area ofinfection where considerable suffering may occur in control animals 
whichare not protected from the disease. 
 
Pilot studies, dose sighting, and control groups  
 
Pilot studies can be useful to give some idea of the variance, the likelyadverse effects that may 
be encountered, and any practical local problemsthat are likely to be encountered during the 
proper study. They help todetermine the appropriate number of animals that should be used in 
any onegroup, as well as the avoidance and alleviation of any adverse effects.The use of pilot 
studies need not be a waste of animals, as the resultscan be used for the main study, unless 
there are good reasons for not sodoing.  
 
Historical data in this regard are also very useful, particularly when consideringboth positive 
(eg. a standard challenge of a known substance) and negative(eg. giving vehicle alone) 
controls. This use of background data can influencethe number of animals needed for a given 
study. In some instances it maynot even be necessary to have a control group as the control 
'fact' is sowell known and accepted eg. total pancreatectomy leads to diabetes mellituswith a 
consequential rise on blood sugar and death in less than 10 days.However, it may be advisable 
to carry out pilot studies when using a newmodel in one's own animal facility as differences in 
strain of animal, diet,staff, bedding, cleaning materials, husbandry and environment have all 
beenshown to affect animals' responses in various ways (see Claassen, 1994;Morton, 1995; 
Wadham, 1996). This was exemplified by a multicentre trialon the Fixed Dose Procedure carried 
out by van den Heuvel and co-workers(1990). They found that while the LD50% of various 
chemicals were similarlyranked between laboratories, the actual LD50% dose varied 
considerably. 
There are several methods for determining the relevant dose(s) for animalsin your facilities in 
pilot studies but the up and down method deservesspecial mention (Bruce, 1985). In this 
approach, a single animal is givena dose (eg. from the literature) and its response noted. 
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Assuming that thefirst dose does not produce the anticipated response, a second animal isgiven 
a higher or lower dose. This is then repeated on individual animalsat varying dose intervals until 
a suitable dose rate is found. This approachis helpful for streptozotocin dosing to induce 
diabetes in various strainsof rats, as well as for other chemicals given to induce various 
diseasestates. 
 
Advice from other scientists, veterinarians and caretakers on adverse effects 
 
The first time a novel scientific procedure is carried out will requirea prediction of the type and 
incidence of any adverse effects on the animals,but thereafter the experience gained will be 
helpful in future work usingthat or similar protocols. While a thorough review of the literature 
isessential, sadly the adverse effects on the animals encountered are rarelypublished in a 
helpful manner for those using the model (see Morton, 1992).Furthermore, the 'tricks of the 
trade' so often vital to be able to repeatthe work are omitted, let alone relevant details relating 
to the animalside of the work, e.g., failed approaches, details of animals used as wellas the 
husbandry system. The use of score sheets (Morton, 1994, 1995, 1998b;Townsend and Morton, 
1994; Morton and Townsend, 1995) help all those involvedin the research program to recognise 
the cardinal clinical signs that animalsshow during a specific scientific procedure, and can signal 
subsequent actions,notifications and treatments to be taken when certain clinical signs 
areobserved (eg. humane end points). Animal carers, stockpersons and veterinarianswho are 
familiar with the animals in the experiment are excellent guidesin determining any adverse 
effects. They may not always be able to explainwhy an animal is 'wrong' or 'not right' but good 
ones are rarely mistaken!The score sheets start to explain their insight and simple tests like 
givingan analgesic and observing if animals change their behaviour such as bymoving 
aroundmore, eating and drinking, all add empirical evidence to suggestthose animals were 
affected by that protocol and suffering in some way (seebelow for more details). 
 
In vitro to in vivo 
 
Research is sometimes aimed at investigating the interactions of substances,such as new drugs, 
in the whole body. If the in vitro work will yield informationthat shows the effectiveness of the 
substance, or viability of the cells/organismshas been compromised in some way, it may not be 
worth proceeding with thein vivo work. There has to be confidence that the in vitro workis able 
to be extrapolated to the in vivo situation, and if so thein vitro work should precede the in vivo 
experiments. Forexample, genetic modification of viruses may reduce their virulence so 
thatthey are no longer able to infect cells in vitro and, based on pastexperience, it is unlikely 
they will infect cells in vivo. Similarly,radiolabelling of bacterial toxins may remove their 
toxicity, which canbe measured by a change in binding characteristics to monoclonal 
antibodies,or to cell surfaces in vitro, or to a change in toxicity to lesssentient animal forms 
such as invertebrates. Again, based on experience,it may be unlikely the modified toxin will be 
effective in vivo andso these experiments need not be done. In cases of doubt, however, 
smallpilot projects involving only two or three animals can be used (dependingon the precision 
needed) to confirm such findings and so validate a predictednegative, especially when there is 
less likelihood of causing animals painand suffering. 
 
When a positive harmful effect needs to be confirmed in vivo thenonly one or two animals may 
be needed as any toxicity will be likelyto provide sufficient evidence. For example, it may 
render a product suchas a shampoo causing corneal ulceration or even corneal rupture 
unmarketable.Furthermore, in such cases where an adverse effect is predicted and needsto be 
confirmed, it may be possible to prevent the animal feeling any painby carrying out the work 
under general or local anaesthesia. 
 
Specific tests may be carried out to determine if an experiment is likelyto work in vivo, or 
whether it is unlikely to succeed for some reason.If a chemical is cytopathic i.e., toxic to cells in 
vitro at concentrationsthat were predicted to be useful in vivo, then the work should 
notproceed. This is the basis of the so-called pre-screening tests used inthe early stages of 
toxicity testing of new chemicals and medicines. Anexample of this might be a chemical in 



REDVET. Revista electrónica de Veterinaria 1695-7504       
2008 Volumen IX Número 10B 

 

The importance of non-statistical design in refining animal experiments 
http://www.veterinaria.org/revistas/redvet/n101008B/BA026.pdf 

6

solution which at the desired concentrationhas a pH which is far from being biocompatible and 
will obviously causetissue damage if given parenterally. It may then be given by some 
otherroute e.g., enterally, or at a lower concentration or in a different formulation.In all these 
cases consideration is given to carrying out in vitrowork before whole animal work in order to 
avoid, or alleviate better, anyadverse effects in animals. 
 
Within in vivo work 
 
Even within in vivo work it may be possible to stage work so thatserious adverse effects are 
avoided. For example, if one is looking at thesurvival of animals given a bowel transplant, the 
animals are likely todie painfully from a peritonitis. Whilst one could wait for clinical signsof 
peritonitis to become apparent, it is also possible to avoid that altogetherby trying to pick up 
signs of very early rejection, rather than bowel perforation(caused by rejection leading to death 
of intestinal wall cells and disintegrationof the bowel). The early signs of transplant failure may 
be thrombosis ofthe vessels leading to the graft within a few hours of the end of surgery.By 
keeping the animal under a terminal anaesthetic for say 12 hr or so,one can monitor blood flow 
and the condition of the transplant (colour andcontractility) and if found to be deleteriously 
affected, the animal canbe killed before it recovers from the anaesthetic. If successful after 
12hr or so, the animal can either be permitted to recover, or I would recommendthat the next 
animal be permitted to go for 24 hr before being killed. Insuch a way animal suffering can be 
reduced considerably, and it may be possibleto avoid serious adverse effects altogether.  
Another approach is always to do key pilot experiments before any controlsor further 
experiments. Experiments should be designed to provide crucialinformation on whether it is  
worth progressing down certain experimentalroutes. For example, if the experiment is to 
determine the effect of a substanceor specific cell or tissue on a physiological response, then a 
pilot studyshowing first that that response actually occurs should be undertaken. Onlythen 
should the main study and necessary controls, such as using salineor sham operations, be 
carried out. 
 
Mild to high severity 
 
Several examples can be instanced where the harms done to an animal canfirst be shown to be 
effective or ineffective at a low level before goingto higher levels of animal pain and suffering. 
Traditionally this aspectof refinement has not been rigorously investigated as it is not seen tobe 
part of the main research, and the 'standard/traditional' time/levelnormally used. In some 
psychological experiments animals may be starvedfor long periods in order to make them 'work' 
in some way or another. Ifthe animal can be motivated to work by reward rather than by 
starvationor even aversion stimuli, then such a strategic progression of harm couldreduce the 
amount of animal suffering without losing the scientific objective.If starvation is used to 
motivate the animal then how long should it last- 48hr, 24hr, 18hr, 12hr or 6hr - and does it 
depend on the age of the animal,the species or strain? The adverse physiological effects of such 
periodsof starvation (and even dehydration) on the animals have also to be consideredand 
whether this will affect their performance and hence the science. Ifaversion has to be used, 
then the same principle should apply: use the lowestlevel of aversion (e.g., electric current, 
sound level, learned helplessness)necessary to achieve the scientific goal. Testing of novel 
analgesics, ordetermining neurocircuitary or transmitters may be possible through causinglow 
levels of painful stimuli rather than high ones. An analgesic ineffectiveat low levels of pain is 
unlikely to be effective at higher levels of pain.The neurobiology may change quantitatively but 
not qualitatively at thehigher levels of nociception. In any event, the purpose of the 
experimenthas to be explicit, and justification made for the higher pain levels. Finally,the 
purpose of dose sighting studies mentioned earlier and practised bythe toxicologists in safety 
testing are not routine in other areas of science.A scientist may start a dose response 
experiment at a range of dose levelsonly to find all the animals are unaffected, or worse still all 
the animalshave died. Pilot studies are always worth doing in these sorts of cases. Other 
examples include only affecting the use of one of a paired organ,that is important for an 
animal's quality of life, rather than two eg. legsin fracture or arthritis or musculoskeletal 
research; sense organs suchas eyes and ears; transplanting a third kidney into an animal in the 
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groinwhere it can easily be monitored rather than removing an animal's own kidneysand 
replacing it with a donor kidney (this could also be an example of astaged approach if true 
dependence needed to be established). A similarapproach can be adopted in the study of skin 
transplantation or burns researchwhere a minimum area should be transplanted or damaged or 
to neural studieswhere nerve section or denervation is required: rather than incapacitatingthe 
whole leg through high nerve section, a low nerve section which willaffect just one muscle in 
the distal part of the limb so that compensationis possible through the use of other muscles, 
should be carried out. Inall these examples if the purpose is to study quantitative aspects 
thenthis can be staged so that small harms are first seen to be 'effective'in whatever scientific 
sense is appropriate, and then the insult can bescaled up providing the scientific justification is 
ethically acceptable.  
 
Cancer research 
 
A set of excellent guidelines exist for the refinement of experiments involvingcancer (UKCCCR, 
1997). The recent increase in cancer experimentation asa result of gene therapy work makes 
this an important area for refinement.In essence, the growth rate of tumors and their size 
should be kept to theminimum necessary to demonstrate effectiveness or ineffectiveness of 
noveltherapeutic agents or regimes. Death can hardly ever be justified as anend point (Mellor 
and Morton, 1997). Tumors should be placed whenever possiblein sites where they are easy to 
palpate or monitor. Animals should be monitoredat least daily, and more frequently if necessary 
eg. at times when the tumorulceration is likely to occur or the animal may be found dead. Other 
parametersindicating animal wellbeing should be sought as well as tumor size, particularlyif the 
tumor is deep or invasive or internal and so difficult to detect.These may include the behavior 
of animals, their coat quality, posture andappearance, especially their behavior at night, a 
period when they shouldbe maximally active. 
 
Humane end points 
 
It is often possible given sufficient familiarity and experience with ananimal model or specific 
scientific procedure that the adverse effects onanimals will be predictable. This will not only 
include the clinical signsan animal might show but also the duration of those signs, the 
progressionto other signs, even death, the timing of such signs after a particularprocedure has 
been carried out, and also the proportion of animals thatmay be affected. Actions can then be 
taken depending on the scientific purposeand also on humane considerations. Certain levels of 
harm may be integralto the procedure or unavoidable to achieve the scientific objective. 
However,if the animal, because of the deviation from normality either physiologically or 
psychologically, loses its scientific utility, then it should be humanekilled as keeping it alive will 
yield no valid information. Similarly, ifthe scientific objective has been achieved, then there is 
no useful purposein keeping the animal in pain or distress. If, however, it may yield 
usefulinformation then it may be possible to alleviate the animal's conditionand so reduce the 
level of suffering; or the level of suffering may havebecome incompatible with the expected 
degree of scientific benefit and onan ethical harm-benefit analysis, the animal should be killed. 
Alternatively,the animal may still have utility in a scientific sense but there was noneed to have 
let the animal progress that far as earlier clinical signscould have predicted what was to come. 
This idea of using early clinical signs to predict later ones requires validationstudies where it is 
shown that animals will normally progress in that wayand that such an end point can be relied 
upon. This may be important forsafety studies in the testing of medicines such as vaccine 
potency testing,rodent protection test, virulence assessments, or batch testing of naturalor  
synthetic products. Cussler (1997) has recently presented some data ona lethal rabies vaccine 
potency test where he found that vaccinated micegiven challenge doses of virus went through a 
series of predictable clinicalsigns. He showed that animals showing slow circular movements 
invariablyprogressed to death - the traditional end point for the test. Death, asso often is the 
case in many experiments, is not related to the  experimentalvariable under study, but is due 
to indirect effects such as dehydrationcaused by animals not being able to drink and increased 
packed cell volumeleading to heart failure. Another cause of death in mice can be low 
bodytemperature due to inadequate food intake. Sometimes death due to theseindirect causes 
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can take several days and Cussler in his work, and Soothillet al., (1992) showed that animal 
suffering could be reduced by severalhours to three to four days through implementing 
validated pre-lethal endpoints. In the UK, under the Animals (Scientific Procedures) Act 1986, 
eachscientific procedure has a severity limit which should not be exceeded,and indeed it is a 
criminal offence to do so. The question is how that limitis recognised in practical terms. In 
theory there are four recognised severitylimits: mild, moderate, substantial and severe, but 
severe pain or severedistress is not permitted under any circumstance. In a sense, what the 
bandsare called is irrelevant, what matters is how they are interpreted. In orderto interpret 
them accurately and reproducibly, careful observation of animalsis required, and score sheets 
documenting clinical signs with time are invaluable(Morton and Griffiths, 1985; Morton, 1985; 
1986; 1990; 1994; 1995b; 1997a;1998a; 1998b; Morton and Townsend, 1995). Severity limits 
can be interpretedas the degree of deviation from normality coupled with other indicatorsof 
health and quality of life. A body weight loss of up to 10, 20 or 25%,or greater than 25%, 
compared with controls may reflect the mild, moderate,substantial and severe limits. But 
animals with tumours or ascites may increasein body weight but lose body condition (ie. muscle 
mass) and be experiencingextreme suffering. 
 
Alternatively, animals with a body weight loss of 25%and which are diabetic or which have 
exocrine pancreatic deficiency, maybe very lively and have a good quality of life. It is important 
that a holisticapproach be taken so that clear clinical signs can be used to determinehumane 
end points in accordance with the scientific benefit and humane research.  
 
Score sheets - an approach to the recognition and assessment of animalsuffering 
 
Many laboratories are approaching the difficult topic of the recognitionand assessment of 
suffering using score sheets ie. a list of cardinal clinicalsigns encountered in that particular 
scientific procedure. These are developedthrough experience and, by and large, are unique to 
the system of husbandry,to the specific experiment, as well as to the species, and even the 
breedor strain of animal, being used. It is not possible to make a general scoresheet for all 
experiments and/or for all species. One only has to considerthe different potential adverse 
effects of a skin transplant compared witha kidney or heart transplant to appreciate the 
different signs that mightoccur (eg. haemorrhage, rejection of skin compared with a dependent 
kidneyor an accessory heterotopic heart in the abdomen). Lists of signs are developedby 
observing the first few animals undergoing a novel scientific procedurevery closely and then the 
list is modified with experience until a set ofcardinal signs that most animals will show during 
that experiment, and thatare relevant to the assessment of suffering, is achieved. 
 
These key clinical signs are set out against time in the score sheet (seeTable 1). On the left 
hand side are listed clinical and behavioural signsand along the top the days and the time of the 
recorded observations. Themethod of scoring is that clinical signs can only be recorded as being 
presentor absent indicated by a plus or a minus sign (or sometimes a +/- if theobserver is 
unsure). The convention is that negative signs indicate normalityor within the normal range, 
and positive signs indicate compromised animalwellbeing. In this way it is possible to visually 
scan a score sheet togain an impression of animal wellbeing: the more plusses, the more an 
animalhas deviated from normality with the inference that it is suffering morethan it was 
earlier. Clinical treatments and other observations are alsorecorded. It is important to note that 
animals can be scored at any timeand it would be certainly be more than once daily during 
critical periodswhen an animal's condition could predictably give rise to concern (e.g.,in the 
immediate post-operative period; in a study on infection after theincubation period and at the 
time of bacteraemia or septicaemia). Practically, it is important to develop a disciplined 
approach and strategyto the recognition of adverse effects in animals. At the beginning of 
anassessment the animal should be viewed from a distance, and its naturalundisturbed 
behaviour and appearance are noted. Next, as the observer 
approachesthe cage or pen the animal will inevitably start to take notice and interactwith the 
observer and that interaction can be used to determine whetherit is responding normally (an 
animal may become inquisitive or show signsof fear). Finally, a detailed clinical examination can 
be carried out byrestraining the animal in some way and observing its appearance carefullyand 
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then making clinical measurements eg. of bodyweight and temperature,in addition to its 
behaviour as it may be more aggressive or fearful, oreven vocalise. At the bottom of the sheet 
there are guidance notes for the animal techniciansabout what they should provide in terms of 
husbandry and care for animalson that scientific procedure. There are also guidelines on how to 
scorequalitative clinical signs such as diarrhoea and respiration, as well ascriteria by which to 
judge humane end points. Finally, if an animal hasto be killed there is guidance about what 
other actions should be taken,such as tissues to be retrieved and kept in formal saline to 
ensure thatthe maximum information is always obtained from any animal study. 
 
While these sheets take time to fill in it is not difficult for an experiencedperson, such as an 
animal caretaker, to see if an animal is unwell, so thetime taken can be reduced by simply 
scoring that the animal is normal byticking the NAD box (Nothing Abnormal Detected). 
However, if an animal isnot normal, it does take time to check it and to make judgements over 
hatactions to be taken, but is that not the price for practising humane science? In order to 
promote good care and good continuity of care an animal techniciancan be responsible for 
liaising with scientists and other technical staff,and also to mainta in and update the score 
sheets. The roles of the technicianin charge are: · to check that the appropriate licences and 
permits are in order andcorrespond with what the scientist actually intends to do to the 
animal(s); 
 

• to check the score sheet is appropriate before the experiment begins; 
• to know the purpose of the experiment and the scientific objectives,and to become 

familiar with the scientific procedures to be carried outon the animals and the clinical 
signs that may occur; 

• to ensure all personnel (technicians, scientists) know how to usescore sheets and can 
recognise the clinical signs and can interpret thesigns clearly into humane end points; 

• to check that technicians not familiar with that experiment, say doinga weekend or 
holiday shift, are informed about the animals; 

• to liaise with researchers over the experiment eg. timing, numbersof animals, 
equipment, end points; 

• to update the score sheets based on new signs or combinations of signsobserved; and 
• to report to the responsible persons any concerns over the animalsor personnel 

involved. 
 
Table 2 shows a completed score sheet. At a glance it can be seen that thereare more plusses 
to the right than to the left. Several other points canbe noted: first, along the top, that as the 
animal became unwell, so itwas scored more frequently. During Day 0 (the day of the 
operation) it scoredabnormal in one or two predictable signs as it was recovering from the 
anaestheticand the surgery (low body temperature and hunched) and so the NAD box 
wasticked. The next day (21st January) basic observations were made of amountof food eaten, 
temperature and bodyweight, and again the NAD box checked.However, towards the end of the 
that day, the coat became starey (ruffled),the body temperature rose, and the breathing 
became more rapid. By the nextmorning, there was a significant bodyweight loss (12%) which 
increased duringthe day to 18% - a strong indication that the animal had not eaten or 
drunkmuch, if anything, and that it probably had diarrhoea. In fact there wereso many 
abnormal clinical signs that it was decided to kill the animal onhumane grounds before the end 
of the experiment. The sudden appearance ofdiarrhoea and the concomitant rapid weight loss 
and dehydration, abouredbreathing, posture, lack of a red light response, etc all confirmed 
thatthe animal was becoming severely physiologically compromised and was notgoing to yield 
valid results in relation to the scientific objective. Evenmore significantly, its temperature was 
now at 35.1oC - a very poor sign,and the extremities were blue (i.e., the colour of the feet and 
ears). Inour experience, this animal would have died that night if not sooner. 
This scheme of scoring clinical signs for the recognition and assessmentof adverse effects on 
animals during scientific procedures has been shownto have several advantages and include the 
following. 
 

• Closer observation of animals is now carried out by all staff at criticaltimes in the 
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• experiment as the sheets have indicated those times that arecritical for the animal, and 
when the animals find their circumstances mostaversive. 

• Subjective assessments of suffering by staff and scientists are avoided,thereby 
promoting more fruitful dialogue, as evidence-based opinion becomespossible based on 
the clinical signs. In a sense they empower the techniciansand help them illustrate to 
less experienced persons why an animal is 'notright'. 

• Consistency of scoring is increased as the guidance is clear and thescoring options are 
limited. 

• Single signs or combination of signs can be used to indicate overallseverity of the 
• procedure, as well as alleviative therapies or scientificprocedures at set points in the 

experiment (e.g., blood sampling). 
• The sheets help to determine the effectiveness of any therapy intendedto relieve 

adverse effects. 
• The sheets help to determine which experimental models cause leastpain and distress, 

e.g., by comparing alternative animal models helpingin refining the scientific procedures. 
• The sheets help to train those inexperienced in the assessment ofadverse effects. 

 
This has led to better animal care as well as providing useful scientificinformation such as the 
recognition of neurological deficits, times of epilepsyor weight loss, as well as unexpected 
findings such as urinary retentionin a model of renal failure. Furthermore, by picking up signs of 
poor animalwellbeing early, we can implement humane end points sooner rather than 
later,which avoids animals being inadvertently lost from an experiment. In theUK, where 
severity limits are imposed on each scientific procedure, thesheet can be used to indicate when 
such limits have been breached, or areabout to be breached, or may have to be reviewed, by 
the precise observationof the presence of clinical signs. The score sheet system provides a 
visualaid, opens up discussion between interested parties, and helps focus attentionon to the 
animals' condition throughout the procedures. An analysis of thescore sheets can reveal 
patterns of recovery or deterioration and so givesa better picture of the effect of a procedure on 
the animals from startto finish. The sheet encourages all involved to observe the behaviour 
ofanimals, to recognise normal and abnormal behaviours, which will help indetermining animals' 
responses to various procedures, and this will helpthe development of refining experimental 
technique by highlighting the typeand timing of any adverse effects. The scoring system has 
proved to be especiallyuseful with new procedures, or when users are not always sure of what 
effectsa procedure will have. In my experience the literature rarely records adverseeffects on 
the animals, or how to avoid them or measure them and I believescientists have a moral 
obligation to do so (Morton, 1992). We now look more closely at ways of improving our peri-
operative care andin some experiments we have found that recovery is slower than it couldbe if 
different anaesthetics or analgesics, or intraoperative proceduressuch as maintaining body 
temperature or giving warm saline were used. Wenow try to operate earlier in the day so 
animals have maximum time underclose observation and they can be given more support such 
as fluid therapyor special diets (eg. jelly, fruit, vegetables) which has proven to saveanimals 
lives as well as improve the speed of recovery. Finally, obtainingprofessional advice by seeking 
the opinions of experienced laboratory animalveterinary surgeons and animal technicians and 
stockpersons can be veryhelpful in determining what clinical signs should be looked for. There 
is a philosophical debate about whether it is better to cause moresuffering to fewer animals or 
less suffering for many animals to achievea scientific end. That situation is not common in 
practice but the UK lawtakes the view that the level of individual suffering is what matters 
andso harms should always be minimised. Higher levels of suffering have tobe justified on 
scientific grounds and not on the saving of other animallives. 
 
Concluding remarks 
Refinement may end with the death of the animal but there are other  mportantsituations in 
which animals can suffer, such as their husbandry, socialgroupings, breeding conditions, 
handling, restraint, transport, and euthanasia.It is important that these are addressed for 
reasons of good welfare andgood science (see Gunn, 1993; Tuli, 1994; Wadham, 1996). Much 
research isneeded into the Three Rs especially refinement, and grant awarding bodiesshould be 
aware of their responsibilities in this regard not only to reviewcarefully the scientific work, they 
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fund, but also to fund research intorefinement. Scientists must also write up their work fully 
and promptlyin order to avoid others repeating the work even after a literature search. 
Some may argue that the intensive monitoring of animals described aboveadds to the cost of 
the research, and of course it does. But scientistshave a moral duty to inflict as little suffering 
as possible and such refinementis the price we should be willing to pay as a compassionate 
society, andas humane scientists. 
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