Assessing burrowing, nest construction and hoarding in mice
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Short Abstract: 
Burrowing, nesting and hoarding are species-typical activities that mice readily perform in the laboratory. This article describes how they can be easily and cheaply assessed. These protocols are extremely sensitive to mouse strain, brain lesions and diseases. Moreover they constitute “environmental enrichment” for the mice, and embody the “Refinement” aspect of the “3 Rs”18.
Long Abstract: 
Deterioration in the ability to perform “Activities of daily living” is an early sign of Alzheimer’s disease (AD). Currently, preclinical behavioural screening of possible treatments for AD largely focuses on cognitive testing, which frequently demands expensive equipment and lots of experimenter time. If it were possible to characterise the “activities of daily living” of mice, this would form a new approach to preclinical screening. Fortuitously, several such assays have recently been developed at Oxford, and here the three most sensitive and well-characterised are presented. 

Burrowing was first developed in Oxford13; we were trying to develop a mouse hoarding paradigm and most published rodent paradigms required a distant food source to be connected to the home cage by a connecting passage. This would naturally involve modifying the home cage and making the other components. So I considered whether it would be possible to put the food source inside the cage. Trials were carried out, and it was found that if a container was placed on the floor it was emptied by the next morning. Also, the mice were performing digging (“burrowing”) movements, not carrying the pellets in their mouths to a selected place as they would if hoarding6. However, mice proved reluctant to enter metal (i.e. mouse-resistant) containers. Eventually it was discovered that a length of plastic downpipe (as connected to guttering on houses) elevated slightly at one end to prevent accidental (non-deliberate) displacement of food pellets and sealed at the other end, was an efficient piece of apparatus. Experiments since then have shown that burrowing can detect prion (scrapie) disease at 10-12 weeks after injection of diseased brain homogenate, whereas clinical signs only appear at 22 weeks13. Food pellets are not an essential substrate for burrowing; mice will empty tubes filled with sand, gravel, even soiled bedding from their own cage. It appears to be a very rewarding activity for them. Moreover, they will empty a full tube even if an empty one is placed next to it8.

Nesting also proved to be sensitive to prion disease around 10-12 weeks16. Several nesting protocols have been published. The present Oxford one simplifies the procedure and has a well-defined scoring system for nest quality5. 

A hoarding paradigm was later developed in which the mice, rather than hoarding back to the home cage, were adapted to living in the “home base” of the hoarding apparatus. This was connected to a tube made of wire mesh, the distal end of which contained the food source. Hoarding, like burrowing and nesting, is very sensitive to hippocampal lesions11.
Protocol text:
Burrowing

Burrows are made from Marley plastic downpipe, 68 mm diameter, cut in to 20 cm long lengths. One end is sealed with a round of 12 mm mdf. For cleaning purposes and waterproofing, a waterproof mastic compound (“Wet grab Serious stuff”) (Evo Stik) can be applied to the inside and outside surfaces of the mdf as well as serving to glue it into the burrowing tube. Machine screws (5 cm long) are used to elevate the other end of the tube 3 cm off the floor. Two holes are drilled 1 cm from the open end of the burrowing tube at an angle of 90° and the screws inserted and tightened4.
The diameter of the burrows is probably critical; Schmid-Holmes et al.19 observed that mice in the wild “burrow cleaned” mainly from burrows similar in size to our artificial ones.

Mice (which are normally group housed) are placed individually into cages sufficiently large to accommodate a full burrow. Each burrow is filled with 200 g of the food pellets normally supplied as diet. If the mice are on food rationing (for example, to motivate them to run a concurrent maze learning task) non-food substances can be used, for example clay balls, as used to line the surface of the soil in indoor plant pots (HYDROLECA, William Sinclair Horticulture Ltd., Lincoln UK; pea shingle (small stones ~1 cm diameter) B&Q, Chandlers Ford, Hampshire, UK),) and sand (Play Sand;www.BritishPlaySand.co.uk). Pea shingle and sand, being three times heavier than food pellets, are useful substitutes for food pellets if the mice are burrowing very vigorously, to avoid a “ceiling effect”. 
The test is optimally started around 4 pm if the mice are housed on an 0700-1900 h dark-light cycle. This is a sensitive time to test, as they are not normally awake at this time and burrowing starts more slowly than if they were well in to the dark phase and consequently very active. Two hours after the start, a “snapshot” measurement is taken of the weight of food burrowed; the burrow is emptied into a tared container and weighed and the pellets replaced into the burrow which is put back into the cage. If the mouse is in the burrow, just gently pour it and the contents into the weighing container and replace the mouse in the cage. The weight burrowed at two hours is then calculated by subtraction from the original 200 g.
The final reading is taken the next morning. Timing is not critical as the mice will have gone back to sleep (often in the burrow) and are no longer burrowing.

If a treatment, e.g a drug is to be tested, it is good practice to do a baseline burrowing assessment and form balanced groups before the treatment is administered.
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Figure 1. A mouse in a burrowing tube.

Burrowing is normally spontaneous, but there is a certain learning element. Therefore it often increases when repeated tests are performed17. The learning process is enhanced by social facilitation. Therefore if the effects of a treatment are to be studied, it is good practice to put a full burrow once or twice into the group home cage; this decreases the proportion of low burrowers. Baseline tests can then be performed, as above.
Do NOT replace the burrowed food on the cage floor into the burrow. Even if the mouse has not burrowed anything, perform the weighing procedure as you would if burrowing had occurred; the disturbance of weighing tends to stimulate behaviour, and mice which have already burrowed some of the substrate will often commence burrowing with renewed vigour after the weighing process.

C57~BL/6 mice typically burrow around 70 g in the first two hours, and near 200 g overnight. Hippocampal lesioned mice often burrow less than 5 g11. Prion disease inhibits burrowing1,2 , as does lipopolysaccharide administration20. Burrowing has been shown to be sensitive to strain differences15 and knock-out of potassium ion channel subunits10.
We have tested burrowing in other species of rodents – rats, gerbils, hamsters and Egyptian spiny mice8. All but the latter could be induced to burrow substantial amounts of terrestrial substrates such as gravel or sand, but burrowing of food pellets was much less, even after extensive experience with the terrestrial materials. The reason for this difference from mice is not known. After this work had been done, I found that Egyptian spiny mice do not in fact make burrows in the wild; they may occupy burrows made by gerbils, also the surface of their natural habitat is often hard rock. They often perch on rocky outcrops, where their good vision allows them to easily detect predators. I also observed this behaviour in a domestic environment (my living room when I kept them as pets).
Burrowing may seem a long way from human activities, but think again! Mining for minerals as well as in war, and our ancestors often lived in caves which they might enlarge. In countries like Ethiopia, the Middle East, Crete, Turkey etc. rock-carved tombs or even living places are to be found. Indeed, the very existence of the mammals probably depended on the burrowing ability of an ancient proto-mammal, the cynodont, which enabled it to survive the lethal radiation which resulted in the end-Permian mass extinction 200 million years ago3.

Nesting
This test is performed in individual cages; the same ones as used for burrowing are suitable. Each one should be given enough of the normal bedding to cover the floor to a depth of 0.5 cm. (Variation in depth, and very deep bedding, could affect nest construction). Each cage is supplied with a “Nestlet”, a 5 cm square of pressed cotton batting (Ancare; UK agent Lillico).

Mice are placed individually into the nesting cages about one hour before the dark phase, and the results are assessed the next morning. As with burrowing, and for similar reasons, timing is not critical. 

The nests are assessed on a 5-point scale, and the amount of untorn Nestlet is also weighed5.

Scoring:

1: The Nestlet is largely untouched (>90% intact).

2: The Nestlet is partially torn up (50-90% remaining intact).

3: The Nestlet is mostly shredded but often there is no identifiable nest site: < 50% of the Nestlet remains intact but < 90% is within a quarter of the cage floor area, i.e. the cotton is not gathered into a nest but spread around the cage. Note: the material may sometimes be in a broadly defined nest area but the critical definition is that  50-90% has been shredded.

4: An identifiable, but flat nest: > 90% of the Nestlet is torn up, the material is gathered into a nest within a quarter of the cage floor area, but the nest is flat, with walls higher than mouse body height (curled up on its side) on less than 50% of its circumference.

5: A (near) perfect nest: > 90% of the Nestlet is torn up, the nest is a crater, with walls higher than mouse body height on more than 50% of its circumference.

Where criteria do not agree split the difference. For example a perfect nest with an unshredded 0.7g piece would score  4.5.
Most C57BL/6 mice score 4-5 on nest construction, but when the hippocampus is lesioned the median score would be around 2; a score of 3 is unlikely to be exceeded. Prion disease inhibits nesting1,2. Both males and females make nests, as their purpose is thermoregulation as well as being associated with reproduction. For C57BL/6 mice, nest scores for males and females are in the same range, although we have not done a controlled comparison in a single experiment.
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Figure 2. Mouse nests scoring (from top to bottom) 1-5.
Hoarding

A series of “home bases” are connected to tubes made of wire mesh, sealed permanently at the distal end where the food pellets are placed and temporarily at the proximal end by a wooden plug. This is used to prevent the mice entering the tubes before adaptation to the home base has occurred7. 
The apparatus can be made in various ways, as long as the basic principles are adhered to. Ours consists of a row of 8 wooden boxes, each 30 x 13 x 15 cm with transparent Perspex lids. Each is supplied with a water bottle, and has a hole in the back into which the hoarding tube is push-fitted. Tubes are made of black plastic, 10 cm long, 40 mm diameter, joined to a wire mesh tube, 45 cm long, 4 cm diameter, to form a total length of 50 cm. The mesh consists of 13 mm squares, and is a double roll with the meshes mis-aligned to make the holes in the mesh smaller and prevent food pellets dropping through. If 6 mm square mesh is available this is a better material as one roll would be sufficient. The distal end of the tube, where the food pellets are placed, is closed. The proximal end is sealed with a removable wooden plug. 

A mouse was put into each box early in the day to habituate to it. The box is provided with a cardboard tunnel which has been in the real group home cage for at least one night, also a generous portion of soiled bedding, to make it feel like “home”. Access to the hoarding tube is prevented until evening with a wooden bung. 100 g food pellets (mixture of small and large) are placed at the distal end of the hoarding tube (by pouring them in at the other end with the tube held vertically). To make sure the mouse is mildly hungry before testing begins, the home box is not provided with food.

Just before the start of the dark phase, remove the wooden bung to allow the mouse access to the hoarding tube.

The next morning (again, timing is not critical) collect and weigh all the food pellets which have been hoarded into the home base box. 
Hoarding, like burrowing, improves with practise. So repeated measures designs can be used if the group size is small, to improve the results if they are not quite significant at first. 

Typically, hoarding is very variable the first time and some mice may not hoard at all (another reason to use a repeated measures design). It is almost certainly sensitive to the strain of the mice. Using female C57BL/6 mice, the median amount hoarded would be around 50-70 g.

Hippocampal lesions strongly suppress hoarding11, whereas prefrontal cortex lesions have only a weak effect12. 
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Figure 3. Mice in the hoarding apparatus
Discussion
These tests are extremely simple to run but the effect sizes are very large, making them extremely sensitive to treatments, strain differences, etc. They conform to the “Refinement” aspect of Russell and Burch’s 3 Rs”18. Indeed, good performance on tests like burrowing seems to be indicative of good general health in animals. Therefore this could be a good test for assessment of animal welfare. As an example, I once had a mouse whose tail became atrophied around the base – reason unknown. I was strongly advised by veterinary staff to euthanize her, but resisted as I thought she was not showing observable distress – although she did not look a pretty mouse. When I tested her on burrowing, she burrowed a normal amount. Subsequently the tail dropped off, and she lived for over a year doing experimental behavioural work, proving one of the best in cognitive tasks. We used a cardboard tube or cupped hands to handle her.

One drawback is that the data generated is generally non-parametric (not Gaussian in distribution), so appropriate non-parametric statistics are needed to analyse them, e.g. the Mann-Whitney U test for pairwise comparisons, Kruskal-Wallis ANOVA for multi-group data. If repeated measures designs are used, since there is no suitable non-parametric procedure, data can be transformed, e.g. by square root or log procedures to make it conform to a more normal distribution.
The measurements of the apparatus can be slightly different to those specified in the text (useful for USA experimenters) but wide differences should be avoided. However, in some cases other experimenters may find different constructions work better - in which case please let me know!

As for all behavioural measurements, the mice should be tested to see if their activity levels are normal, as inactivity will obviously have a detrimental effect on species-typical behaviours. When scrapie-infected mice were showing impaired burrowing and nesting, their activity levels were normal (tested in an open field apparatus). Indeed, a period of hyperactivity occurs around 2-4 weeks after these species-typical behaviours are first impaired2.

The strong impairment produced by hippocampal lesions on burrowing, nesting and hoarding, all of which are species-typical behaviours, complements the impairments in spatial learning and memory9 which are such well-established effects of these lesions. They appear to be equivalent to the impairments in the activities of daily living so characteristic of AD14.
These species-typical tests may well prove to be of great use in preclinical screening for treatments for Alzheimer’s and other neurodegenerative diseases14. In many human brain disorders a loss or reduced ability to perform normal everyday tasks is as important as other features of the disease like cognitive impairment. Particularly, this loss may necessitate involvement of carers and the great socioeconomic burden this so often imposes.
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