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The 9 to 5 rodent –  

Time for change? 

Photo: reddit.com/r/aww/comments/5brzd5/my_3_lovely_rats_sleeping_together/ 



measuringbehavior.org/files/2016/MB2016_Proceedings.pdf  pages 361-78 

sciencedirect.com/science/article/pii/S0165027017301334 
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Why is this an issue? 

• Mice and rats are the majority of lab animals 

– EU statistics for 2011: mice (61 %) and rats (14 %) are 

most commonly used 

• Wild-type behaviours are innate in lab animals – if 

they can express these, e.g. Ratlife video 

• Laboratory housing, husbandry and care can 

conflict with wild-type behaviours 

Ratlife: youtu.be/giu5WjUt2GA 

https://www.youtube.com/watch?v=giu5WjUt2GA&feature=youtu.be
https://www.youtube.com/watch?v=giu5WjUt2GA&feature=youtu.be


Conflicting needs ... 
Mice and rats are ... ... but 

Nocturnal and crepuscular they are housed in bright light and used 
during the day when they would 
normally be sleeping 

Highly dependent on smell and scent 
markings 

their markings are completely destroyed 
whenever the cage is cleaned 

Made extremely anxious when captured 
by the tail (mice) 

most people catch them by the base of 
the tail 

Most comfortable at a temperature of 26 
to 34 oC (mice) 

many facilities house them at colder 
temperatures, and/or do not provide 
sufficient nesting material  

Photos: Jane Hurst, Liverpool University 



Mouse and rat circadian rhythms 

• Nocturnal and 

crepuscular 

• Multiphasic sleep - 

many short bouts, 

more in the light phase 

• Husbandry and 

experimental 

procedures usually 

done in the light phase 

Sheward et al. (2010) doi.org/10.1371/journal.pone.0009783  

Male C57BL/6 mice over 60 hours 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0009783


Better welfare = better science 

• What are the implications for animal welfare 

and science, when nocturnal animals are 

used in the light phase and during the human 

working day? 

Photo: RSPCA 



Animal welfare implications 

of using mice and rats in the 

light phase 



Sleep and welfare 

• Mice sleep deeply at the beginning of the light 

phase – the beginning of the human working day 

• Disrupting the light cycle increases aggression and 

stress in mice 

• Rats are more susceptible to chronic mild stressors 

when they occur during the resting period 

• Conducting procedures when nocturnal animals 

would normally be asleep is a welfare issue 
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https://www.frontiersin.org/articles/10.3389/fnbeh.2014.00082/full


Out like a light …? 

EFFECTS OF SLEEP DISRUPTION AND NESTING MATERIAL 

• Cage clean and welfare checks at 10.00 or 

22.00 (lights on 07.00 to 19.00) 

• Mice appeared to anticipate and acclimate 

• Stressors were mild & predictable, animals 

singly housed 

• Mice given 9 g or 12 g nesting material slept 

in longer bouts (than 3g or 6g) 

Gaskill B et al. (2018) JAALAS 57: 124-133 PMID: 29555001 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5868378/


Care and accommodation 
DIRECTIVE 2010/63/EU ARTICLE 33(1B) 

“Member States shall ... ensure that ... any 

restrictions on the extent to which an animal can 

satisfy its physiological or ethological needs are kept 

to a minimum.” 

Photo: arkive.org 



Leung JM, Budischak SA, Chung The H, Hansen C, Bowcutt R, et al. (2018) Rapid 
environmental effects on gut nematode susceptibility in rewilded mice. PLOS Biology 
16(3): e2004108. doi.org/10.1371/journal.pbio.2004108 
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fsj.field-studies-council.org/media/344045/vol3.2_68.pdf 
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Scientific implications of using 

mice and rats in the light phase 



cpapvictoria.com.au/blog/sleep-apnoea/circadian-rhythm-disorders/ 



Outcomes of a cognitive test 

• DBA mice were tested  using 

a modified hole board 

• Behavioural inhibition and 

cognitive disruption under 

white light, in comparison 

with dark/red light 

Roedel A et al. (2006) Laboratory Animals 40: 371-381 

https://journals.sagepub.com/doi/pdf/10.1258/002367706778476343
https://journals.sagepub.com/doi/pdf/10.1258/002367706778476343
https://journals.sagepub.com/doi/pdf/10.1258/002367706778476343


Pain responses 

• Significant increase in 50 % 

withdrawal threshold to 

mechanical paw stimulation 

in C57BL/6 during light phase 

• Pain behavioural phenotypes 

may be misinterpreted, or 

missed altogether 

doi.org/10.1371/journal.pone.0104458 

Behavioural responses to von Frey hairs 
applied to the hindpaw over a 24 h period 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0104458


Time windows and reproducibility 
BEHAVIOURAL TESTS, E.G. ANXIETY, LEARNING 

• Lights off at 09.00, on at 21.00 

• Tests at 08.15-08.45, 10.45-11.15, 16.30-17.00 

• Significant strain effects depending on 

testing time 

• Tests included elevated plus, open field – 

applying this data could have significant 

consequences 

Bodden et al. (2019) doi.org/10.1038/s41598-019-44705-2  

https://www.nature.com/articles/s41598-019-44705-2
https://www.nature.com/articles/s41598-019-44705-2
https://www.nature.com/articles/s41598-019-44705-2
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It’s complicated ... 

• Some behavioural studies have found no effects of timing 

regarding circadian rhythms 

• Or better performance during the light phase, driven by 

circadian rhythms 

– Why? Possibly effects of preceding sleep and arousal, especially if 

tests are especially anxiogenic 

• Visual function may be impaired during the active (dark) 

phase, e.g. contrast sensitivity is reduced 

• A nocturnal species at night ≠ a diurnal species in the day 

 doi.org/10.1016/S0166-4328(01)00471-5 & j.physbeh.2006.01.037 

https://www.sciencedirect.com/science/article/pii/S0166432801004715?via=ihub
https://www.sciencedirect.com/science/article/pii/S0166432801004715?via=ihub
https://www.sciencedirect.com/science/article/pii/S0166432801004715?via=ihub
https://www.sciencedirect.com/science/article/pii/S0166432801004715?via=ihub
https://www.sciencedirect.com/science/article/pii/S0166432801004715?via=ihub
https://www.sciencedirect.com/science/article/abs/pii/S0031938406000849


How to address these 

animal welfare and scientific 

issues? 



1. Working assumption 

Disturbing, and using, mice 

and rats in the light phase is 

an animal welfare issue and 

may also affect the data 

Photo: © UAR/Wellcome Images 



2. Research current knowledge on: 

• Sleep-wake cycles and sleep 

behaviour of the species and 

strain – including timing and 

physical environment 

• Welfare impact of disturbing, 

and using, the animals at 

different times within the 

sleep-wake cycle 

• Effects on the science and 

implications for the ‘model’ 

PREPARE 
 

The relevance of the 
species, its biology and 
suitability to answer the 
experimental questions with 
the least suffering, and its 
welfare needs 

 
Acclimatization, optimal 
housing conditions and 
procedures, environmental 
factors and any experimental 
limitations on these 

norecopa.no/PREPARE 

https://norecopa.no/PREPARE
https://norecopa.no/PREPARE


3. Reconsider protocols 
TIMING OF PROCEDURES 

• Repeat tests every 2-4 hours 

(Burns 2000, search for ‘Biological 

time and in vivo research: A field 

guide to pitfalls’) 

• Systematically include two 

different testing times (Bodden et 

al. 2019) 

https://onlinelibrary.wiley.com/doi/10.1002/1097-0185(20000815)261:4<141::AID-AR3>3.0.CO;2-C
https://onlinelibrary.wiley.com/doi/10.1002/1097-0185(20000815)261:4<141::AID-AR3>3.0.CO;2-C
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4. Reconsider test paradigms 
AUTOMATED BEHAVIOURAL TEST SYSTEMS THAT ANIMALS 

ACCESS VOLUNTARILY 

 

Photo: doi.org/10.3389/fnbeh.2016.00106 

https://www.frontiersin.org/articles/10.3389/fnbeh.2016.00106/full


5. Reverse the dark and light phases? 

THINGS TO CONSIDER 

• Practical factors – health checks and procedures 

• Just a flash of light can disrupt the rhythm 

• Mice CAN see in red light! (and sodium vapour light) 

• Dim light at night affects mood, immune function 

• Facility will be noisy when animals are active – 

another welfare issue? 



5a. An alternative – time shifting? 

• Lights on well before human working day 

begins 

– Working day begins at 0700, staggered 12:12 light 

cycles with lights off at 0800, 0900 and 1000 

– 12:12 cycle with lights out at midday 

– 12:12 cycle with lights out at midnight 

 



6. Reporting standards 

• Good practice guidelines for 

reporting, e.g. Gold Standard 

checklist/ARRIVE 

– tinyurl.com/3Rs-

GoldStandardChecklist 

– NC3Rs.org.uk/ARRIVE 

• Sufficient information 

– Light:dark, light levels, time and day, 

whether ramping at dawn and dusk ...? 

 

ARRIVE 
 

When (e.g. time of 
day) 

 
Husbandry conditions 
(e.g. light/dark cycle) 

 
Comment on any 
limitations of the animal 
model 

 

http://www.3rs-reduction.co.uk/assets/applets/Gold_standard_guidelines.pdf
http://www.3rs-reduction.co.uk/assets/applets/Gold_standard_guidelines.pdf
http://www.3rs-reduction.co.uk/assets/applets/Gold_standard_guidelines.pdf
https://nc3rs.org.uk/arrive-guidelines


Ideal scenario? 

• Large cages with deep 
litter for burrowing 

• Automated tests that 
animals could choose 
to do 

• Continuous behaviour 
and welfare monitoring 

• Continuous data 
collection 



Action points 

• ‘Time stamp’ all your experiments 

• Aim to test in dark (active)  phase for the sake of the 

animals’ welfare 

– Unless there is scientific justification otherwise 

• Consider setting at least two time points per day for 

obtaining data, e.g. in dark (active) and light phase 

• Consider changing to paradigms in which animals can 

choose when to access tests 

• Include light phases and times when reporting animal 

use and share data! 



Thank 
you! 


