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Introduction

In Europe, and particularly within the UK,

more and more people question the use of

animals for food, safety testing and hunting.

lndeed, some even consider the use of ani—

mals in biomedical research to be an abuse of

power, Most people, however, have a more

balanced view regarding the use of animals to
increase scientific knowledge and to counter
important diseases,

Russel & Burch‘s (l) concept of the 3 Rs

(Replacement, Reduction and Refinement)
has had a profound impact upon the manner

in which the use of laboratory animals has
developed. The extent to which it has been

assimilated into subsequent legislation on the
subject clearly demonstrates the significance
ofthis visionary publication.
Although it concentrates on Refinement, this

paper also discusses the complex inter-

relationships between the 3 Rs, 11 will not

consider issues such as the refinement of ex-

perimental design to use fewer animals, or

the complete replacement of animals with

non—sentient material.

Replacement is an easy concept to deal With.

Although it will never be possible to com-
pletely avoid the use of animals in biomedi-
cal research, replacement of animals in many

assays... tests and other contexts has been suc-

cesfully accomplished
Reduction of the number of laboratory ani-
mals used for experimental procedures might

be seen as a logical consequence of Replace-

ment. However, great care must be exercised

il' Reduction is seen as the overriding prin-

ciple. For instance, it is vital that experimen-

tal group sizes are kept at a level which

guarantees statistical confidence in the final

results. All that Reduction below such levels
achieves is to render worthless any com-
promise that might have occurred to the test

animals’ welfare.

We now come to an area of potential conflict

between Reduction and Refinement. The

main thrust of recent European legislation is

the emphasis on lowering ”the pain, suffer-

ing, distress and lasting harm” experienced

by individual animals. This is very much the
case with the UK’S Animals (Scientific Pro-

cedures) Act 1986, and is a very clear state»

ment of the principles of Refinement. How-

ever. the inevitable and inexorable political

pressure is on reduction in the annual stati-
stics of animals used in biomedical research.
One only has to witness the outcry that is

generated if a particular year’s statistical

return fails to show a significant reduction in

animal useage, to realise which part ofthe 3

Rs that those outside the field consider to be
paramount. Considering that the public’s pri-

mary access to information on this subject is

through the annual returns, this emphasis is

only to be expected. Whilst Reduction and

Refinement are not mutually exclusive, some

care has to be exercised if they are to be
mutually inclusive. A fundamental question
is whether it is more acceptable to put [00

animals through a mild procedure, or to put

10 animals through a substantial procedure,

in order to obtain the same data The au-

thors’ ”Refinementist” answer to this di-
lemma runs, in terms ofthc numbers of ani-

mals used, quite contrary to the current poli—
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tieal imperative. It also requires some clarifi-
cation and debate, ifit is to be fully explained

to the general public. We, thus, find it to be of
critical importance that Reduction does not

compromise the standards of welfare of those

animals which continue to be used. A reduc—
tion in animal numbers will be consistent

with our aims to increase laboratory animal

welfare, only if experimental procedures are

constantly reviewed and refined.
Adequate knowledge of laboratory animal

science and welfare amongst all those who
work with laboratory animals is therefore a
prerequisite in order to ensure the humane

and ethical use ofanimals. A recent editorial
in the Lancet advocated a more compas-
sionate approach to animals in biomedical
research, and stated that "an important

aspect ofthe way ahead is to educate not only

medical researchers but also anti-vivisecti—
onists concerning the needs, particularly the

social needs. of(experimental) animals" (2).

The remainder ofthis paper will consider the
current status ofvarious aspects oflaboratory

animal science which make direct contribu—
tions to Refinement.

Environmental Enrichment as Refinement
In recent years considerable attention has

been paid to the care and husbandry 0f labo-
ratory animals, in order to ensure that they

are treated as humanely as possible. Environ-
mental enrichment may very well be regar-

ded as Refinement. It is now generally accep—

ted that the provision of an environment

which allows the animal to exhibit a broad

repertoire of characteristic behavioural acti-
vities. increases that animal’s welfare (3, 4).
The word "humanely" should be a keyword
in the manner in which we treat experimental
animals, It implies that the aim is to treat ani—
mals under our care, as considerately as we
would treat a fellow human being who is sub-
jected to an identical degree of discomfort

and pain. However, the danger 01‘ this ap-

proach is that it can lead to anthropomor-

phism which should always be avoided. It
seems widely accepted that the objective
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assessment of animal welfare cannot be deci-
ded by a single approach (5). Physiological

measures, as well as behavioural studies,

must be made within a defined environmen~

tal (6). Both approaches, however, rely on a

detailed knowledge of the biology and be—
haviour ofthe individual species lIl question.
Due to the limited knowledge of how animals

perceive their own situation within a given
environment, it is extremely difficult to de-
termine whether one procedure or husbandry

system is the most appropriate with regard to

animal welfare. This is particularly true
when comparing different housing systems

for laboratory animals, as these systems often

limit the exhibition of obvious signs of stress
and deprivation. This contrasts with the high
mortality and high incidence of fractured

bones, which can be seen in farm animal hus—

bandry systems such as battery cages and sow
tethers. The current debate on the optimal

housing system for laboratory rabbits is a
good example of continuing efforts to im-

prove the welfare of animals which are often

housed singly in cages, over a long period.
Since it is difficult to assess stress in animals
housed in cages, and since it is generally
agreed that environmental enrichment is

beneficial to animals, it has become common

[0 compare husbandry systems for animals in

captivity with the way in which animals
choose to live in the wild.

Husbandry and Experimental Procedures
The maintenance of good animal health is
probably the most important single compo-

nent of welfare and increasing resources are

being allocated to monitoring the health sta-
tus oflaboratory animals. It is very important
to strike the right balance between environ—
mental enrichment and maintaining good

Standards olhygiene whilst, at the same time.
achieving rational working routines for the
animal technicians. It is also important to

remember that environmental stresses may

not be recognised by the animal care person—

nel. A good example of this is ultrasound,

which can be emitted from a wide variety of
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Chickens are widely used as laboratory animals. The housing of chickens has been the subject of intensive
debate, and this is an area where environmental enrichment is a welcome refinement. The figure shows
battery chickens as they can be found in industrial egg production in many countries, a chicken housed
singly in a rabbit cage, an enriched pen system for singly housed chickens and a chicken housed out-dciors in
semi—natural conditions.

sources including water taps, computers and

plant machinery (7).
Refinement is also relevant in relation to the
handling of animals. Physical restraint of
conscious animals should always be perfor-
med as calmly and gently as possible. Time

and effort should be given to gentling all ani-
mals that are to be used in experiments in—

volving handling and restraint, and to train

animals in order to obtain willing eo-opera-

tion in place of the need for physical re—
straint. This is now becoming widely recog-

nised, not least in commercial facilities. For

instance, in a large Swedish pharmaceutical

company the animal technicians now spend
much of their working day socialising, train-
ing and conditioning the animals, which are
predominantly dogs.

Refinement can, and should, also be applied

to routine experimental procedures such as

injections and blood sampling, ensuring that
animal fear, anxiety and discomfort is mini-

mised. Again, a major problem (and future

research area) is the assessment and compari-
son ofthe stress associated with. say. restraint
and blood sampling, using different collec-
tion techniques. Initiatives have been made
to assess the severity of different procedures
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(8, 9). but much work remains to be done.
Caroline Manser’s excellent book (10), com-

piling and reviewing the literature on assess—
ment ofstress in laboratory animals, is highly
recommended and should be read by all those
active in this field.
Imaging and non-invasive monitoring of pa-

rameters such as blood pressure and foetal
development is rapidly replacing the traditi-
onal methods, particularly in larger species

being used in long-term experiments.

One of the products of the project licensing
system that exists under the UK’s Animals
(Scientific Procedures) Act 1986 is the estab—

lishment ofa series of humane endpoints and

severity limits for each experimental proce—
dure, prior to the start ofthe research. These
allow rational and objective decisions to be
made regarding animal welfare, once the

work is in progress. Wherever possible, long-

lasting experiments should be replaced by
acute experiments or a series of acute experi-

ments, and studies should be terminated as
soon as the humane endpoints are reached.

This may very well result in the need for
greater numbers ofanimals in a given project.
So, once again, there is the paradox that Re-

finement may lead to an increase in the num-
ber of animals used in biomedical research.
We would argue that this is justifiable since

the net result is an improvement in the wel-

fare of individual animals.

Selection ofSpecies
Darwin (1 1) has had a marked influence on
present day society’s view of living creatures.

Ascending the evolutionary tree, we ascribe
greater value to the individuals of different

species, culminating in man himself. Apart
from the economic value of the individual
animal, we are far more concerned with the

well-being of a diary cow than we are with

the well—being of a honey bee. This view is

reflected in the legislation which protects ani—
mals, with most of that concerning labora-
tory animals predominately covering the ver-
tebrate species.
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It is, therefore, logical that the choice of

which species to use in an experiment is part

of the process of Refinement. If, for instance,

an ecotoxicological test can be conducted

using Daphnia instead of a fish species there

can be no doubt that this would achieve Re-

finement, as well as Reduction and Replace—
ment. It becomes more difficult when the
choice of alternative species is limited to

mammals. The decision as to whether a rat is
ofa higher ranking to a cat is inevitably influ-

enced by emotional pre-conceptions regard-
ing biological characteristics and the traditi—

onal role that a particular species has played
in human society. Companion animal spe-

cies, such as dogs, cats and horses, are used

more reluctantly (and are usually alTorded

greater legislative protection) than farm ani-

mal species, such as sheep, goats and pigs
(although it will be interesting to see if the
public’s attitude towards the last of these

species changes. given the current vogue for

keeping mini—pigs as pets). Equally rodents,

which are still being killed in huge numbers
as vermin, are more readily used than. say,

ferrets and rabbits.
Life expectancy and fecundity can also be

considered as relevant characteristics when
selecting species. An animal species with a

short life—expectancy, which is invariably as»
sociated with high fecundity (e g. the house-

fly) is described as having an ”r” selection
strategy and is said to be of lower biological
significance than a larger, less fecund (the so-

called ”K” selection) species (e.g. the ele-
phant). ”K” selection species are characte-
rised by slow development from young to

adult, greater competitive ability, delayed re-

production and larger body size (see Krebs,

I972 (12) for further details). In general
mammals are considered to be ”K” selection
species. However, within the Class it can be

seen that small rodents represent "r” selec-

tion, whereas primates and dogs represent

””K selection.



Anaesthesia, A nalgesia, Surgery and

Euthanasia

One of the most rapidly developing areas in

veterinary science, in recent years. has been

the field ofanaesthesiology. There are now a

wide range ofagents available which can pro-
duce surgical anasthesia in laboratory spe»

cies. with minimal side-etfeets. The concept

ofbalaneed anaesthesia, where different com-
binations of drugs are used to produce the

desired effect, represents real progress in

Refinement, especially when compared to

classical agents such as ether and pentobar-
bitone. The advent of reversible anaesthetics

has been yet another significant improve-
ment, particularly when the reversing agent is

a partial agonist (such as buprenorphine) and

has an analgesic action of its own, in addition
to reversing the original anaesthetic. One

challenge that, perhaps, remains is to over-

come the innate conservatism of some re—
search Workers by educating them about
these excellent new techniques, and encour-

aging their use.

As with anaesthetics, a number of powerful

new analgesics have become available recent-
ly, particularly in the non—steroidal anti-

inflammatory group. Even more significant-
ly, there has been considerable (and belated)

recognition of the importance of post-opera-

tive analgesia, and its use has, quite properly,
become more widespread. The discovery of

the phenomenon of central sensitisation to
pain has had an important impact on the

timing of administration of analgesics, with

the best results being seen when analgesics
are administered either as part of the pre—
medicant, or prior to recovery from surgical

anaesthesia. It would be fair to say that labo-

ratory animal science has provided the lead
to conventional veterinary practice in this
area.
The move towards a much higher standard of
aseptic surgical technique, even in the rodent
species, is clearly a Refinement which is to be

welcomed. It is, however, an area of some

controversy, and some research workers re—
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quire active education and encouragement in

the maintenance ot'standards.

There has been increased awareness of the
importance of the use of euthanasia tech-

niques which are humane, and which cause
minimal stress ofanimals.

Toxicology and Safety Testing
Toxicity testing of substances accounts for

approximately 20% of animal experiments

within the UK and is an area which usually
attracts severe criticism from anti-vivisecti-
onists. Progress in Refinement of the me-

thods employed in safety testing tends to be
considerably slower than in other disciplines.
This is primarily because the test protocols
are statutory, legislative requirements and
approval has to be granted by the regulatory
bodies in many commercially important
countries, before they can be amended. An

example ofthe progress that has been made is

the ”fixed dose procedure" which has been
developed as an alternative to the LDSO test
and which does not have death as the end—
point (13). It has been developed, through

international collaboration, by the British

Toxicology Society and the EC and OECD

subsidised its international evaluation.
Another excellent example is to be found in

' the ECETOC monograph (14) on the OECD
guidelines regarding the use ofa low volume

eye irritation assay, and the use of a single
anaesthetised animal if the test substance is
suspected of having severely irritant proper-

ties. Both of these procedures are meant to

replace the controversial Draize eye test.
Other tests are also being modified to use
earlier endpoints than death, Which are based
on clinical and physiological criteria. In the
separate area of studies into learning, aver-

sive stimuli such as electiie shocks should be
avoided and, wherever possible, food reward

systems introduced in‘ their place.

Production afAmisera
Both the production ofmono— and polyclonal
antibodies use techniques which result in
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some degree of suffering for the animals in-
volved. A particular problem with polyclonal

antibody production is the continuing use of
both the aggressive Freund’s Complete Ad-

juvant, and inappropriate injection sites ([5).

Welfare problems are seen in the production

ofmonoclonal antibodies in association with
the use of the carcinogenic primer pristane,
with the production of large volumes of as-

cites fluid and with multiple tappings from
the same animal. One approach to the Re-

finement of these teehniques has been the

creation of very strict guidelines on issues
such as numbers and sites ofinjeetion and the
frequency with which individual animals are
used in the procedure. There has also been
the very encouraging development of an in
vitro production method for monoclonal
antibodies. Once again though, Refinement,

such as the use ofmilder adjuvants, may very

well result in an increase in the number of
animals that have to be used in order to pro-

duce the same quantity of antibody.

Refinement ofA nz'malModels
The development of induced and spontane-

ous animal models of disease is a vast area

and is one where particular efforts are being
made to apply the 3 Rs. Space does not allow

for further discussion of this general obser—
vation. However, the exponential growth in

the field of transgenics does have distinct

implications for animal welfare. Given the
fact that the expression of foreign genes is, by
its veiy nature, highly unpredictable, there
must be a high probability that some trans-

genic strains will sufler some inherent com-

promise to their welfare. This only serves to

illustrate the need both for objective assess-

ment methods for pain, stress and compro—

mised welfare, and for particular vigilance

amongst all animal care staff when looking

after transgenic animals.

Education and WelfareMonitoring
Another area that has received increasing
attention and prominence recently, is that of
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training. One very effective means of achi-
eving Refinement is to ensure that all those

who work with laboratory animals, be they
animal technicians, veterinarians or research

workers, possess the knowledge and skills
which are required to maintain the highest

possible standards of animal welfare.

Having done this, there is a definite require-
ment for some systems for monitoring animal

welfare to ensure that the necessary standards
continue to be maintained. Everyone accepts
the existence of systems to monitor environ-

mental conditions within the animal house.

Unfortunately, welfare monitoring is less
amenable to automation and computerisa-

tion. However. management systems must

be put in place ifwe are to be seen to be doing

the best for the animals that are under our
care. It is a cynical fact of life that, in these

increasingly hostile times. providing the very
best standards of care is not enough on its

own. We must be able to demonstrate. to a

sceptical public, exactly what steps we take
to ensure the welfare of our laboratory
animals,

Conclusions
Considerable emphasis has been placed on
both Reduction and Replacement. It could,

perhaps. be argued that these have received

greater publicity, particularly in the public

arena, than the efforts that have been made

towards Refinement.
Although very important, both Reduction

and Replacement can be viewed as medium—

to long—term strategies. It is quite unlikely

that they will ever be so successful that they

will completely eliminate the requirement for
the use of animals in biomedical research.

Therefore, we strongly believe that, for all
those who work in laboratory animal science,
the daily imperative lies with Refinement as

a focus of our efforts towards the 3 Rs. It is
the emphasis on this area which offers the
best prospect ofimmediate improvements in

the welfare of the laboratory animals in our
care.
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