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what are the 
3Rs?
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…once upon a time in the UK

• UFAW appointed in 1954 William 
Russell, zoologist & psychologist, 
and Rex Burch, a microbiologist, 
to inaugurate a systematic study 
of laboratory techniques in their 
ethical aspect

• this resulted in the publication in 
1959 of “The Principles of 
Humane Experimental Technique”
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https://norecopa.no/alternatives/the-three-rs 

Vicky Robinson on Twitter: "One of my desert island items: my signed copy  of The Principles of Humane Experimental Technique by Russell  Burch… "

The Principles of Humane Experimental Technique

https://caat.jhsph.edu/principles/the-principles-of-humane-experimental-technique
https://caat.jhsph.edu/principles/the-principles-of-humane-experimental-technique
https://norecopa.no/alternatives/the-three-rs
https://caat.jhsph.edu/principles/the-principles-of-humane-experimental-technique
https://caat.jhsph.edu/principles/the-principles-of-humane-experimental-technique


…they considered:

• “The experimental biologist almost always requires animals in 
a stable and known physiological state; he commonly requires 
a number of animals in as nearly as possible the same 
physiological state.”

• “Τhe psychosomatics of experimental animals are perhaps the 
most important single subject for the development of humane 
and efficient technique in animal experiment.”
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…they considered:

•  quality of research results

•  scientific evidence of effect of pain and distress to animals

•  ethical concerns for humane care and use of animals
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…and they raised the question:

• is there an irreconcilable conflict

 between the claims of science and medicine 

 and those of humanity 

 in our treatment of animals?

Argyro Zacharioudaki DVM MLAS Dipl.ECLAM



… and they propose the solution:

✓ Replacement
✓ Reduction
✓ Refinement

… exaggerate the positive

eliminate the negative

latch on to the alternative

always replace reduce refine…
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is it obligatory 
to follow the 
3Rs?
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…today

•3Rs are part of the legislation on the care and 
use of laboratory animals in most of the world!

•“principle of 

   replacement, reduction and refinement”
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Directive 2010/63/EU

Argyro Zacharioudaki DVM MLAS Dipl.ECLAM

Directive 2010/63/EU

https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:276:0033:0079:en:PDF


why follow the 
3Rs?
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…why?

• legal obligation

•  ethical concerns
•  personal
•  public
•  publishing

•  scientific evidence
•  better welfare = better research
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how to…
REPLACE?
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Replace: Search for alternatives

• search for valid alternative(s) to replace animal use
• present search in your application

• use it!!
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ALTEX

https://op.europa.eu/en/publication-detail/-/publication/8835aa05-f780-454a-ac43-7752b38b394e/language-en/format-PDF/source-316390531
https://www.altex.org/index.php/altex
https://www.google.com/search?client=ms-google-coop&q=guide+searching+for+alternatives&cx=011694859630777207244:roxdrr6na0e
https://norecopa.no/alternatives/alternatives-to-animal-research-and-testing
https://ec.europa.eu/jrc/en/eurl/ecvam
https://op.europa.eu/en/publication-detail/-/publication/3226c1c9-e020-11ee-a5fe-01aa75ed71a1/language-en/format-PDF/source-316390174


Replacement examples

• chemical safety
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https://echa.europa.eu/-/alternatives-to-animal-testing-widely-used
https://echa.europa.eu/documents/10162/17250/practical_guide_how_to_use_alternatives_en.pdf/148b30c7-c186-463c-a898-522a888a4404?t=1473948556256


Replacement examples

• validated test methods
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https://ec.europa.eu/jrc/en/eurl/ecvam/alternative-methods-toxicity-testing/validated-test-methods 

https://ec.europa.eu/jrc/en/eurl/ecvam/alternative-methods-toxicity-testing/validated-test-methods
https://ntp.niehs.nih.gov/iccvam/meetings/implement-2011/ocular-present/8-allen.pdf


Replacement examples

• cosmetics testing
https://www.euronews.com/living/2019/03/03/cosmetics-what-are-the-alternatives-to-animal-testing 

https://www.unilever.com/planet-and-society/responsible-business/alternatives-to-animal-testing/ 

https://www.eara.eu/a-history-of-the-eu-testing-ban 
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The view of 3D reconstructed human skin inserts during in vitro skin irritation evaluation 

before (A) and after (B) cell viability test after 18 h of incubation.

Čižauskaitė et al. 2018

https://www.euronews.com/living/2019/03/03/cosmetics-what-are-the-alternatives-to-animal-testing
https://www.unilever.com/planet-and-society/responsible-business/alternatives-to-animal-testing/
https://www.eara.eu/a-history-of-the-eu-testing-ban
https://www.henkel.com/resource/blob/29448/ba7a7393d7789e13547c0298e1608bc4/2014-alternatives-to-animal-testing-data.pdf
https://www.researchgate.net/publication/325727040_Innovative_Natural_Ingredients-Based_Multiple_Emulsions_The_Effect_on_Human_Skin_Moisture_Sebum_Content_Pore_Size_and_Pigmentation/figures


Replacement examples

• antibody production
https://publications.jrc.ec.europa.eu/repository/handle/JRC120199

https://www.eara.eu/post/feature-antibodies 
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https://publications.jrc.ec.europa.eu/repository/handle/JRC120199
https://www.eara.eu/post/feature-antibodies
https://www.nobelprize.org/prizes/chemistry/2018/summary/


Replacement examples

• education and training
• https://www.braintreesci.com/products.asp?dept=109 
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Mimicky® Mouse Simulator MD PVC Rat ModelLaparoscopi simulators

https://www.braintreesci.com/products.asp?dept=109
https://www.medicalexpo.com/prod/lagis-endosurgical/product-69082-606569.html
https://biosphera3d.com/product/3d-rat-anatomy-software/


Replacement

• “lowest” species

✓select species with the lowest capacity to 
experience pain, suffering, distress or lasting 
harm

▪ species not covered by Directive 2010/63/EU
o single-cell organisms
o Drosophila melanogaster 
o Caenorhabditis elegans 
o etc

▪ species covered by Directive 2010/63/EU
o live non-human vertebrate animals, including:

o independently feeding larval forms; and
o fetal forms of mammals as from the last third of their 

normal development;

o live cephalopods

https://invivobiosystems.com/wp-content/uploads/2021/03/comparisonall.jpg
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https://www.ncbi.nlm.nih.gov/books/NBK225677/
https://invivobiosystems.com/disease-modeling/an-updated-comparison-of-common-model-organisms/


how to…
REDUCE?

Argyro Zacharioudaki DVM MLAS Dipl.ECLAM



Reduction

• experimental design
• replace

• hypothesis, outcomes, groups, 
power analysis, randomization, 
blinding…

• no “waste”

• minimum number of animals 
• use statistics to select appropriate 

number of animals per group
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The Design and Statistical Analysis of Animal Experiments

The Design of Animal Experiments

Home page

Michael Festing

https://arriveguidelines.org/
https://www.cambridge.org/core/books/design-and-statistical-analysis-of-animal-experiments/BDD758F3C49CF5BEB160A9C54ED48706
https://uk.sagepub.com/en-gb/eur/the-design-of-animal-experiments/book252408
https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower.html
https://eda.nc3rs.org.uk/
https://www.isogenic.info/


Reduction

• share 
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https://journals.plos.org/plosbiology/article/figure/image?size=largeid=info:doi/10.1371/journal.pbio.2000719.g002

https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.2000719
https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.2000719
https://hsblas.gr/wp-content/uploads/2016/06/DIRECTIVE-2010-63-EU-Protection-of-animals-used-for-science-1.pdf


is Rehoming 
allowed?
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Rehoming 
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Directive 2010/63/EU

https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:276:0033:0079:en:PDF


Rehoming
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Directive 2010/63/EU

https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:276:0033:0079:en:PDF


Rehoming
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https://felasa.eu/working-groups/id/10


Rehoming
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https://felasa.eu/working-groups/id/10


Rehoming

•  appropriate scheme
✓ ensure success

•  animal status

•  suitable home

✓ ensure animal well-being

✓ public safety

•  veterinary evaluation & supervision

•  & AWB advice
o  animal health status

o  socialization

o  avoid unnecessary distress

o  accompanying health records
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https://homesforanimalheroes.com/up/2019/11/cropped-Homes-for-animal-heroes-2.jpg

https://www.animalethics.org.au/__data/assets/pdf_file/0005/1275251/Research-Animal-Rehoming-Guidelines.pdf
https://homesforanimalheroes.com/adopt-a-hero/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0234922
https://www.white-rabbit.org/adopter/lapins-a-ladoption/


Rehoming

• for reduction!

Argyro Zacharioudaki DVM MLAS Dipl.ECLAM



is Reuse 
allowed?
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project B

Reuse?

• use an animal from one project on another project

• when a different animal on which no procedure has previously 
been carried out could also be used
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project A

https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:276:0033:0079:en:PDF
http://ec.europa.eu/environment/chemicals/lab_animals/pdf/Consensus_document.pdf


project B

Reuse conditions

• to not detract from the 
scientific objective

• to not result in poor animal 
welfare 

• considered on a case-by-
case basis balancing the  
benefit of re-use against 
adverse effects on welfare, 
taking into account the 
lifetime experience of the 
individual animal

Argyro Zacharioudaki DVM MLAS Dipl.ECLAM

project A

?
➢actual severity of 1st 
project must be 
mild/moderate
➢exemption may be allowed 

after veterinary examination 
and only after 1 severe 
procedure

➢animal’s health/well-
being must be fully 
restored

➢prospective severity of 
2nd project is 
mild/moderate/non-
recovery

➢in accordance with 
veterinary advice



Re-use

• for reduction!
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how to…
REFINE?
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Refine
study your animal model

select refined model/design
pilot?

identify harms

identify refined methods for procedures to reduce harms
cause the least pain, suffering, distress or lasting harm;

and are most likely to provide satisfactory results.

use anesthesia & analgesia when needed

get trained!

 select early humane endpoints
avoid death as endpoint

acceptable euthanasia methods 

 assess severity
minimize

higher threshold

monitor welfare

plan & organize carefully

continuously re-evaluate

retrospective evaluation

publish the details!
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https://hsblas.gr/wp-content/uploads/2016/06/DIRECTIVE-2010-63-EU-Protection-of-animals-used-for-science-1.pdf


Literature Search
• google it! 

• Google Scholar

• PubMed

• Laboratory Animals

• LabAnimal

• AALAS Journals

• Books

• Consult colleagues!

• Contact experts!
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https://uk.sagepub.com/en-gb/eur/laboratory-animals/journal202194
http://www.labanimaleurope.eu/
https://www.aalas.org/publications#.VkTySnYrL4Y


How to implement 3Rs?
by thinking out of the box
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3Ss

• Good Science
• experimental design and reporting
• reproducibility

• Good Sense
• “the Right animal is used for the Right Reason” 

(the Three Rs of Harry Rowsell)
• Culture of Challenge (Louhimies, 2015) - Look for 

the acceptable, rather than choosing the 
accepted.

• Good Sensibilities
• Culture of Care
• Humane and responsible use
• Respect
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https://norecopa.no/media/7963/3ss-presentation.pdf 

Carol M. Newton (1925-2014)

https://norecopa.no/media/7963/3ss-presentation.pdf


Refinement examples

• housing and care
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Refinement examples

• handling
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https://www.nc3rs.org.uk/how-to-pick-up-a-mouse


Refinement examples

• procedures
• https://www.ri.se/en/what-we-do/expertises/3r-refinement 

• https://nc3rs.org.uk/3rs-resource-library/handling-and-training-mice-and-rats-low-
stress-procedures 
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https://www.ri.se/en/what-we-do/expertises/3r-refinement
https://nc3rs.org.uk/3rs-resource-library/handling-and-training-mice-and-rats-low-stress-procedures
https://nc3rs.org.uk/3rs-resource-library/handling-and-training-mice-and-rats-low-stress-procedures


Refinement examples

• assess and relieve pain

• support the use of analgesia

• use early humane endpoints
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https://www.nature.com/articles/laban.1216
https://nc3rs.org.uk/grimacescales


Reduction vs 
Refinement?
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3Rs in testing 
of a new drug?
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Resources

• must read!
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Directive 2010/63/EU

https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:276:0033:0079:en:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:276:0033:0079:en:PDF


Resources
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https://environment.ec.europa.eu/topics/chemicals/animals-science_en


Resources
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Site logo

FelasaRoyal Society for the Prevention of Cruelty to Animals

NC3Rs

https://norecopa.no/
https://hsblas.gr/%CE%B5%CF%80%CE%B9%CE%BA%CE%BF%CF%85%CF%81%CE%B9%CE%BA%CE%BF-%CF%85%CE%BB%CE%B9%CE%BA%CE%BF/
https://hsblas.gr/%CE%B5%CF%80%CE%B9%CE%BA%CE%BF%CF%85%CF%81%CE%B9%CE%BA%CE%BF-%CF%85%CE%BB%CE%B9%CE%BA%CE%BF/
https://felasa.eu/
https://science.rspca.org.uk/sciencegroup/researchanimals/reportsandresources
https://www.nc3rs.org.uk/
http://www.procedureswithcare.org.uk/


?3Rs
Argyro 

Zacharioudaki 
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BIOEMTECH CRO Laboratories

LO 2.4, 2.6, 2.10, 2.11, 2.13, 2.14, 11.10-11.14, 11.17, 11.18

Thank you!
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