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The potential for implementing alternatives to
the use of animals in research and testing
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to the use of animals in researcind testing

Thispresentationwas preparedby the ResearchAnimalsDepartmentof the
RSPCAandis offered asa resourcefor teacherslecturersor trainers,andas
a sourceof information for lay membersof local ethical review processes,
andotherswith aninterestin the subject

It is intended primarily for those who are involvedin biomedicalresearch,or
who are intending to pursue a career in researchfields in which animal
experimentsare currently used, and can be adapted and modified to suit
particulareducationor trainingneedsasrequired
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Definitions and examples

Replacement and the 3Rs

* Reduction: reducing the number of animals

* Refinement: reducing suffering and improving animal
welfare in experiments and throughout the lifetime
experience of the animal

* Replacement: Replacing animals
with methods that do not involve

animal use $ \ LJ
plus avoiding experiments using M\*\f,, \\

animals e.g. by a change in research (68 .
strategy ‘
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Slide 4: Definitions and examplesReplacement and the 3Rs

Replacements one of the 3Rsof Replacement,Reduction and Refinement

Thesewere first set out by William Russelland RexBurchin 1959 as Whe
Principlesof Humane Experimental¢ S O K y:.AShadzhéh, the 3Rs have
become establishedas an internationally accepted approachto research
involvinganimals,and havebeenwritten into legislationin manycountries

Strictly speaking,the term WNXB LI | GuplésSwidn @n existing animal
method is directly replaced by a non-animal alternative However,a wider
interpretation encompasseshe avoidanceof animaluse, for examplewhen
the valueof a particulartest or objectiveis calledinto questionandthe testis
not done, or the experimentalapproachis changedto avoidanimaluse The
developmentof a direct replacementtest cantake many years,so potential
forWl @2 A $houjdad@be explored

LAvailable athttp://altweb.jhsph.edu/pubs/books/humane_exp/hetoc



Definitions and examples

Is Replacement ‘all or nothing’?
* NO!

Alternative methods may be used to replace animals in:

* a whole research programme
* a project within a programme
* anindividual experiment

* one type of procedure

* Alternatives can be used as part of a structured
approach e.g. in vitro screening to select candidate
drugs with the desired properties.
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It may be that animal experimentsare consideredunavoidablewithin an
overall programme of research However, it may be possibleto replace
animals in an individual project within the programme,in an individual
experiment,or evenin just one type of procedure Thereare manydifferent
test systemsor approacheswvhich canbe usedin this way, so it is important
neverto dismissthe conceptof replacement!lt is important to think about
the potential for alternativesin eachpart and at everystage of a research
programme

A good example of how alternative methods can be part of a research
strategy is shown on the slide Compoundsto be assessedas potential
medicinesare first screenedin computer modelsof molecularaction,andin
cell culturesin order to predict drug activity or toxicity. Thisshowswhether
the compoundis worth developingfurther, reducingthe number that go
forward into animalstudies,and significantlyreducingthe numberof animals
used



Definitions and examples

Alternative test systems

* Invertebrates and micro-organisms
* Early developmental stage of vertebrates
* Animal cells, tissues, organs

* Computer models

* Human volunteers and donated "
$§a‘\
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If full replacementof animalsis not possible then replacementof vertebrate
specieswith invertebrates,or the use of vertebratesat early developmental
stages(for example,early stage embryonatedchickeneggs),or the use of

tissuesfrom dead animals(for example,animalskilled for other projects,or

abattoir material) are worthwhile partial solutions Thisis often referred to

as incompleteor relative replacement (Note that cephalopods- octopus,
cuttlefish and squid - are believedto be capableof sufferingand so have
beenincludedunderthe new EUDirective)

Probablythe greatestimpact on replacementhasbeenthe wider use of cell
culture in both basicresearchand toxicology The use of computerbased
methodsis alsoincreasingapidly.

Thereis more information on humanvolunteersand on invertebratesin the
nexttwo slides




Definitions and examples

Example: use of human volunteers

If human biomedicine is the object of study, and human
volunteers or human tissue can be used ethically, many types
of experiment can be considered as alternatives to animals.

For example:

* Microdosing
* Non-invasive imaging

Dietary studies
* Pain research
* Human cell or tissue culture

Slide7: Definitions and examples- Example useof humanvolunteers

The majority of biomedical researchis aimed at understanding human
biologyand diseaseandtrying to developtreatmentsfor specificconditions

Also, most toxicologicaltests are intendedto identify humanhealth hazards
Animals are used as substitutes for humans becausemany experiments
would be consideredunethicalif done on people However,the possibilityof

obtaining the information required through ethical research on human
subjectsshould alwaysbe carefully consideredbefore any animalsare used

The methods which can be used include microdosing(the use of very low

drug dosesto study distribution and metabolism),imagingtechniques(such
as MRI and PETscanning),behavioura) physiologicaland dietary studies

Also, human cells and tissuesobtained from normal volunteersor patients
canreplacethe useof animalsfor their tissues Theresultsof experimentson

humans or their tissuesare likely to be much more relevant to human
medicineand safetyassessmenthan thoseobtainedusingother species

Accesgo humanvolunteersor their tissuesmay prove challengingput if the
researchwould benefit scientifically,and would replace animal use, every
effort should be made to establishcollaborationswith clinicians,to help
identify suitable human subjects, conduct clinical investigations,or obtain
tissuesamples




Definitions and examples

Example: use of invertebrates

To study basic biological functions or effects, a vertebrate
model may not be necessary:

For example:

* Drosophila (fruit fly), Dictyostelium (slime mold)
and nematode worms are used in research on
neurobiology - Alzheimer’s, epilepsy and
neurodegeneration respectively

* Bacteria, yeast, and Drosophila are
used to study genetics and the S
genetic toxicity of chemicals

Slide8: Definitionsand examples- Example useof invertebrates

It is often assumedhat organismsclosestto humansin evolutionaryterms will provide

the best WY 2 Rd® &xPerimentson human biology and medicinei.e. a monkeyis a
better modelfor the humanthanis arat, andarat is better than a worm. However this

is not necessarilythe case,and hasbeen describedasthe WK Xidgkiy F | { flrti@e Q
case of very basic biological functions it is often unnecessaryat least in the first
instance to useacloselyrelatedspecies

Forexample severainvertebratespeciesare usedin neurologicakesearch

Athe fruit fly Drosophilahasbeenusedto studythe developmentof Af T K S Adigeaded &
andother neurodegenerativeonditions.

Arhe slime mould Dictyosteliumhas been used in researchon epilepsyand bipolar
disorder?.

ACaenorhabditis elegans a nematode worm, has been used to study
neurodegeneratiof

In toxicology, effects such as mutation can be detected using almost any organism,
including bacteria and yeast Bacterialtests for mutation are usedto test almost all
typesof chemicalfor mutagenicity

Drosophilamodels of human neurodegenerativedisease ChanH.Y.E & Bonini N.M.
CellDeath& Differentiation7, 10751080(2000).

2Towardsa molecularunderstandingof humandiseasesisingDictyosteliumdiscoideum
Williams,R S, K Boeckeler R Graf, A. Muller-TaubenbergerZ Li et al., TrendsMol.
Med. 12, 415¢424(2006).

8C. elegans models of ageassociated neurodegenerative diseases lessons from
transgenicworm models of Alzheimer'sdisease Link CD. Exp Gerontol 41,100713.
(2006).
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Why replace animals?

*  Ethical and societal concerns
* Legal requirements

*  Good science

*  Practical and economic gains

*  Funding bodies and some journals
require adherence to the 3Rs

Slide10: Why replaceanimals?¢ Summaryof reasons

Therearefive goodreasondor replacinganimalswith humanealternatives
ethical and societal concerns, legal requirements, good science, with
associatedpractical and economic gains, and funders and some journals
requireadherenceo the 3Rs

Thereis more information on eachof theseon the nextfew slides
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Why replace animals?

Ethical and societal concerns

* Animals are sentient beings capable of experiencing pain and
distress - recognised in the Treaty of Amsterdam oo

* The use of animals in experiments is a major issue of concern for
the public

* Avoidance of unnecessary suffering is an important principle
within the research community

* Animal welfare is a powerful political
factorin the EU
e.g. ban on testing cosmetics on animals;
establishment of the European Centre for
the Validation of Alternative Methods

RSPCA Photolibrary/AndrewForsyth
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Animalsare sentientbeingscapableof experiencingpain and distress- which
hasbeenwritten into the Treatyof Amsterdam(1997).

Their use in experimentsis a longstanding concern within science and
society,sothere is an ethicalimperativeto explorealternativesto animaluse
It is @ major issuefor much of the public who are concernedabout animal
welfareandthe needto avoidcausingunnecessaryr unjustifiedsuffering

Thishasmadeit a powerful political factor which hasresulted,for example,
in a ban on the testing of cosmeticsin the EUand the establishmentof the
EuropeanCentre for the Validation of Alternative Methods'. A number of
other Centredor Alternativeshavealsobeenestablishedaroundthe world.

The importance of public concern on the issueis also reflected in the
Corporateand SocialResponsibilitypoliciesof international companiesthat
use animals Theseincreasinglyinclude referenceto their work to develop
alternativesto animalsin their companyportfolios.

L http:// ecvamjrc.ec.europaeu/
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Why replace animals?

Legal requirements

In many countries, the use of animals in science is
controlled by law and implementation of all 3Rs is
required

* EU Directive 2010/63/EU specifically requires use of
replacement methods wherever possible

* Current UK law requires scientists to:

consider carefully if research objectives could be achieved
without using animals in all or part of the project

if alternatives cannot be used, explain why

* Regulations requiring tests on animals increasingly ask that all
3Rs be considered

Slide12: Why replaceanimals?- Legalrequirements

As a result of ethical and societalconcerns,most countrieswith a well developed
sciencebasehaveregulationswhichrequire the 3Rs- includingReplacement to be

implemented EuropeanDirective 2010 63EU specificallymentions the need to

use alternativesto living animalsand to promote the developmentof alternative
methods In the UK,scientistsare requiredto demonstratethat they havesearched
for alternativemethodsandto provideevidencethat no suitablealternativeexists

Even in the absence of legal requirements, there may be institutional or
international guidelineswhich stipulate applicationof the 3Rs,e.g. the USInstitute
for LaboratoryAnimal ResearchILAR)Guide for the Careand Use of Laboratory
Animals 201®, the h L 9T@r&estrial Animal Health Code (20103, or the ICLAS
guidingprinciples(2010*.

In addition, international test regulations (for example the OECDguidelinesfor
chemicaltestingandthe EuropearPharmacopeiguidelinesfor testing vaccineshll
statethat the 3Rs- includingReplacement shouldbe applied

Lhttp://eur -lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2010:276:0033:0079:EN:PDF
2 http://dels.nas.edu/Report/GuideCare/12910

3 http://www.oie.int/eng/normes/mcode/en_sommaire.htm

4 http://ora.msu.edu/ICLAS/index.html
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Slide13: Why replaceanimals?- Scientificadvantages

Researcherswho are developing replacement methods often stress the
scientific advantagesof the techniquesthey are developing In particular,
they emphasisehe value of obtaininginformation on molecularand cellular
eventsbefore progressingo whole animalstudies,andthe greatervalidity of
using human tissue or human volunteersrather than an animal model to
studyhumanhealthandsafety

The scientificargumentsfor replacementare strong and some examplesof
recentprojectsare givenin the following slides Theyare takenfrom a survey
of replacement projects being funded in 2009 by charitable and
governmentabrganisationsn the UK

Theadvantageof usingalternativemethodsin variousfields of researchare
discussedn:

Animalmodelsof asthma value, limitations and opportunitiesfor alternative
approachesHolmes,A.M., Solarj R & Holgate,ST. DrugDiscoveryToday,Vol
16, 659670(2011).

Opportunitiesto Replaceghe Useof Animalsin SepsifResearchLangleyC et
al. Alternativesto laboratoryAnimals,Vol 33, 641¢648(2005.

Volunteerstudiesin painresearcht Opportunitiesand challengego replace
animalexperimentsLangle\C et al. NeurolmageVol42, 467¢473 (2008
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