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What are the 3Rs

Replacement
Methods, which permit a given purpose to be achieved without conducting 

experiments or other scientific procedures on animals.

Replacement methods can represent full or partial replacement methodologies, based on i) approaches not 

entailing the use of living animals such as cultured cells (including primary cells), tissues and organs as well 

as the use of testing strategies that take into account existing in vivo data, in vitro methods, in silico 

computational methods, physicochemical properties and non-testing data, and/or on ii) use of animals that, 

based on current scientific evidence, are not considered capable of experiencing suffering such as some 

invertebrates and immature forms of vertebrates.



What are the 3Rs

Reduction
Methods for obtaining comparable levels of information from the use of 

fewer animals in scientific procedures, or for obtaining more information 

from the same number of animals.

Reduction methods include careful design and analysis of animal-based experiments so that fewer animals 

can be used, such as optimization of breeding programmes, experimental designs, statistical analyses, as 

well as sharing of animals and animal material (organs, tissues, cells), and, if appropriate longitudinal 

instead of cross-sectional measurements, and measures to reduce unexplained variation in the data.



What are the 3Rs

Refinement
Methods, which alleviate or minimise potential pain, suffering and distress, 

and which enhance animal well-being.

Refinement applies to all aspects of animal care and use, including housing conditions, handling methods, 

anaesthesia and analgesia, habituation to procedures, execution of procedures, monitoring of health and 

well-being, humane endpoints, and euthanasia. Refinement also includes the development of better (i.e. 

more accurate, reliable, sensitive) tools to assess suffering and well-being.



What are the 3Rs

3Rs principles or principle?

animal 
welfare

cost

human 
relevance

reproducibility

mechanistic 
understanding

legal 
requirements

replacement
reduction
refinement



Replacement

The validation of novel target-specific radioligands requires 

animal experiments mostly using mice with xenografts. A pre-

selection based on a simpler in vivo model would allow to reduce 

the number of animal experiments…
Winter et al., 2020, Multi-Modal PET and MR Imaging in the Hen’s Egg Test-Chorioallantoic

Membrane (HET-CAM) Model for Initial In Vivo Testing of Target-Specific Radioligands



Reduction

the benefits of longitudinal monitoring…



Reduction

… benefits of longitudinal monitoring…

baseline introduction 
of a disease

initial 
treatment

treatment 
complete

health

24 animals used in the experiment... Unclear/variable effect of treatment



Reduction

… benefits of longitudinal monitoring…

baseline introduction 
of a disease

initial 
treatment

treatment 
complete

health

6 animals used in the experiment... Clearer pattern of recovery



Reduction

… benefits of longitudinal monitoring…

baseline introduction 
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Increased statistical power in repeated measures... 

consistent 
effect of 
disease...

consistent 
recovery...



Reduction

… benefits of longitudinal monitoring…

baseline introduction 
of a disease
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Ability to identify individual trait differences...

early responders?

late responders?



Reduction

standardisation vs generalisability…



Reduction

Apparatus, test protocols, and many environmental variables were rigorously equated. 

Strains differed markedly in all behaviors, and despite standardization, there were 

systematic differences in behavior across labs.

Crabbe et al, 1999, Genetics of Mouse Behavior: Interactions with Laboratory Environment



Reduction

…there can be important influences of environmental conditions specific to 

individual laboratories, and specific behavioral effects should not be uncritically 

attributed to genetic manipulations...

Crabbe et al, 1999, Genetics of Mouse Behavior: Interactions with Laboratory Environment



Reduction

… If standardization were fully effective, inter-individual 

variation within study populations would decrease to zero, and 

reproducibility of effects between experiments would 

increase to 100%. At the same time, however, each 

experiment would turn into a single-case study with zero 

information gain. This is what I here refer to as the 

standardization fallacy: the increase of reproducibility at the 

expense of external validity…
Würbel, 2000, Behaviour and the standardization fallacy



Reduction

Using simulations based on 440 

preclinical studies across 13 

different interventions in animal 

models […], we compared the 

accuracy of effect size estimates 

between single-laboratory and 

multi-laboratory study designs

Voelkl et al, 2018, Reproducibility of preclinical animal 

research improves with heterogeneity of study samples



Reduction

we found that, of such simulated single-laboratory studies, the CI95 captured the true 

effect size […] in only 47.9% of the cases […] and inferential tests failed to find a 
significant effect in 17.6% of the cases

Voelkl et al, 2018, Reproducibility of preclinical animal research improves with heterogeneity of study samples

= significant and within ‘true’ range



Reduction

For the 2-laboratory design, coverage probability increased to 0.73, for the 3-lab 

design to 0.83, and for the 4-laboratory design to 0.87, while the false negative rate
decreased to 0.14, 0.13, and 0.13, respectively. … These findings demonstrate that 

within-study standardization is a major cause of poor reproducibility.
Voelkl et al, 2018, Reproducibility of preclinical animal research improves with heterogeneity of study samples



Reduction

sex bias in preclinical research…



Reduction

Looking across 10 fields of biological research, it has been shown that 8 out 

of 10 had a male bias during the experiments […]. Even in the situation 

where the disease of interest is a female‐prevalent disorder, a male bias is 

apparent. Yoon et al. found that in publications studying disorders prevalent 

in women, only 12% studied females or both sexes. […] 8 out of 10 drugs 

withdrawn from the US market between 1997-2000 were due to significant 

health risks for women

Karp and Reavey, 2018, Sex bias in preclinical research and an exploration of how to change the status quo



Reduction

Karp and Reavey, 2018, Sex bias in preclinical research and an exploration of how to change the status quo



Refinement

the use of non-aversive handling […] has been 

shown to enhance interaction with a handler, 

reduce anxiety-like behaviours, and increase 

exploration and performance in standard 

behavioural test
Henderson  et al., 2020, Identifying obstacles preventing the uptake of 

tunnel handling methods for laboratory mice: An international thematic 

survey
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What do you do if your internet is down?


