Marlau™ cage enables standardized and continual cognitive stimulation during
environmental enrichment for rodents
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Abstract

Environmental enrichment for rodents, combining novelty and complex inanimate and social
stimulations, influences brain plasticity and protects against the effects of brain insult. We
engineered the Marlau™ cages for rats and mice to standardize continual stimulation of cognitive
function during enrichment procedures using mazes. These cages are composed of a ground floor
comprising two compartments: G1 contains food pellets and G2 contains water bottles, and an
upper floor where a maze is placed. To procure food, rodents must to climb from G2 to the upper
floor, cross the maze and go down to G1 via a slide tunnel. To drink, rodents must then use the
one-way doors placed in the plastic wall that separates G1 from G2. Imposing such a path to
procure food or water ensures that all animals have equal access to the different features of

enrichment, cognitive stimulation being maintained by regular changes of maze configuration.



INTRODUCTION

The first enrichment protocol, called the “Environmental complexity and training” (ECT)?!, changed
the view that the brain, once it developed, never changes. Following exposure of rats to this ECT
protocol, the thickness of the cerebral cortex increased by 6% compared to rats reared in
impoverished condition!. A few years later, environmental enrichment (EE) was defined as the
combination of complex inanimate and social stimulation®. Since that time, researchers interested
in studying the brain function were highly motivated to discover to what extent brain plasticity can
be modified (supplementary Fig.1). To achieve this goal, they tried different environmental
enrichment protocols and used variable cages with numerous toys (Fig.1). The variety of methods
used has resulted in inconsistent results (supplementary Fig.1). In addition, an increasing body of
evidence indicates that the interaction between the quality of the living environment and genetic

factors is critical in the etiology and progression of diseases3”

and may affect the response to
potential therapeutics. Thus, standardization of the EE for rodents is crucial for preclinical studies.
Although many efforts have been made to standardize EE protocols®® !, to our knowledge, there is
only one article published so far regarding EE standardization in mice!!. Meanwhile, the concept of
enrichment has received significant attention in terms of animal welfare research, notably by the
FELASA!® and is highly encouraged by the revised Council of Europe convention ETS 123%2,
According to the European guidelines, giving animals the possibility to develop a species-specific
behaviour is fundamental in designing the enriched program!2. In addition to introducing novelty
and complexity in the housing cage, it has also been suggested that challenging animals by
presenting them with problems is an important, and even necessary, feature of an enrichment
program as long as animals possess the skills and resources to effectively solve the problems with
which they are presented!®. This feature of problem-solving is still lacking in all EE protocols. For
this reason, we have developed and patented!* the Marlau™ cage (Fig.2) to standardize the
procedures of EE for rats'® and micel®. The development of this cage takes into account most of
the recommendations and principles aimed to offer an optimal protocol for both neuroscience and
animal welfare fields by including the problem solving opportunity. It is nhoteworthy that the original
ECT included daily training in running mazes with pattern of barriers changed frequently in order to
further enrich the rat’s experiencel. In our opinion, the use of running mazes in the EE protocols
failed to be replicated presumably because the protocol was laborious and time-consuming. Thus,

the design of the Marlau™ cage was conceived simply, allowing the use of mazes inside the cage



with minimum effort and time, to the extent that the experimenter needs to perform only one

unique task to successfully run the standardized EE protocol delivered in Marlau™ cage.

Procedures of EE in Marlau™ cage

The analysis of the innumerable cages of non-standardized rodent EE revealed that some
components were often observed such as increased animal numbers, addition of running wheels,
addition of a variety of objects such as tunnels, small houses, ladders, and toys of different shapes,
and sometimes increased exploration surface'’. In the Marlau™ cage, we have assembled all these
components in an organized fashion and added an important feature that was lacking in other EE
protocols, which is to expose rodents to challenges requiring the use of cognitive skills in order to
survive and thrive!®. This was made possible due to the appropriate design of the cage that is
divided into 2 floors (Fig.2). The ground floor is divided into 2 sections including one section (G1)
with food pellets, and another (G2) with 3 water bottles, a red rectangular house with 4 lateral
windows and 2 opened extremities and 3 running wheels. G2 is connected to the upper floor via a
climbing ladder. The upper floor, which contains a maze, is connected to G1 via a slide tunnel.
When rats are in G1, they can access G2 using two doors that open in only one direction.
Standardization of novelty is assured by changing the maze configuration 3 times a week (Monday,
Wednesday and Friday) at 16:30, using 6 mazes (A-F), each offering 2 different configurations 1
and 2 (Fig.3). Maze changes are made in a defined order to ensure reproducibility across
experiments: we start with the series of A1, B1, C1, and end with the series of D2, E2, F2. After F2
configuration has been made, another series is restarted from Al. When the terms “A1” or "D2" are
employed, it signifies that side 1 of maze A, or side 2 of maze D, is positioned facing the climbing
ladder, respectively. To avoid territorial dominance, rats can enter and exit the maze using 2 gates
on each side and use two doors to move from G1 to G2. Physical activity is encouraged by the
enlarged exploration area (9-fold greater than in conventional cages) and free access to running
wheels. It has been recently shown that voluntary running is the neurogenic and neurotrophic
stimulus in environmental enrichment!®., Here, we underline that in Marlau™ cage motivated
activity is also encouraged since rodents must be active, find their way in the maze, travel a
considerable distance to procure food from the G1 food compartment, get back to G2 compartment
to drink using the two one-way doors in the plastic wall, and restart this procedure each time they
want to eat. In addition, increased social interactions are promoted!® by housing a large number of

animals together (12 per rat cage and 18 per mice cage, see “Marlau™ cage dimensions” section in



supplementary data) and care was given to decrease the stressful interactions by avoiding

territorial dominance?®?!

. The use of toys in non-standardized EE cages represents an essential
component. However, it has been reported that toys should be submitted to long procedures to
assess their utility for animals by testing short and long term effects and should be reviewed for
safety and potential veterinary problems® and that there is no consensus on which toys are the
most appropriate and beneficial for the brain®’. Furthermore, the order and timing of toy changes
may be responsible for poor reproducibility of experimental outcome!®, Thus, in order to reduce
potential variables within the experiment, and to enhance reproducibility between experiments, we
did not add free toys in Marlau™ cage. Rather, the novelty and complexity components were
limited to the defined order of maze configuration change that occurs three times a week and that
is challenging for rodents since cognitive processes such as learning and memory are highly

solicited.



MATERIALS
REAGENTS

* Rats or Mice (see REAGENT SETUP) CAUTION All experiments must be conducted in accordance
with appropriate guidelines and regulations of the relevant authorities.

* Bedding material: Aspen, half Litaspen Premium 6 and half Litaspen Premium 8/20

* Paper wool and aspen wood wool

* Ready-for-use disinfectant spray

» Dishwashing detergent for cleaning plastic Marlau™ cage items (unscented)

EQUIPMENT

* Marlau™ cage including its items (see EQUIPMENT SETUP): 1 box for ground floor, 1 box for
upper floor, 1 plastic wall containing two doors, 3 running wheels, 3 water bottles, 1 red
rectangular house, 1 climbing ladder, 1 slide tunnel, 6 mazes, 1 lid and 1 pellet feeder
(Viewpoint, Behavior technology, Champagne au Mont d'Or, France)

* Conventional cage (i.e. type “E” cages for rats, length 405 mm, depth 255 mm, height 197 mm,
Charles River, France)

REAGENT SETUP

Rats or mice In our experiments performed on male Sprague-Dawley rats (Harlan, France), pups

arrived at 15 day-old with their foster dams, and were maintained in groups of 10 in plastic

conventional cages (see EQUIPMENT) with free access to food and water. At 21 days of age, rats

were weaned and housed either in Marlau™ or conventional cages. Animals were housed in groups

of 6 in conventional cages and in groups of 12 in Marlau™ cages at 21°C under diurnal lighting

conditions (lights on from 06:00 to 18:00). All rats were fed the same food pellets (type A04,

Safe). All animals were weighed twice weekly, and removed from their cages when bedding

material was changed. In both types of cage, aspen wood bedding material was changed at least

once a week, either on Monday, Wednesday or Friday (we do it on Friday) at 16:00.

EQUIPMENT SETUP

Cleaning procedures All items used in the experiment should be cleaned and disinfected before

starting an experiment. Use water and detergent and disinfect using a ready-for-use disinfectant

solution. You can also use a dishwasher with a maximal temperature of 75° and let dry.



PROCEDURE

Marlau™ cage setup Timing 7-10 minutes per cage

1 Place the ground floor box on a flat surface using both handles. The side containing water bottles
should be facing you (Fig.2).

2 Insert the plastic wall into the stripes designed to separate the ground floor into two sections,
the G1 on the left and the G2 on the right.

CAUTION: The doors of the plastic walls are designed to open in only one direction and this should
be done from G1 to G2.

3 Insert the 3 running wheels on the rear side of the G2 and place the red rectangular house on
the G2 ground on the magnetic sites to stabilize it.

4 Fill the G2 ground with autoclaved bedding material to a height of 2-3 cm.

5 Add the climbing ladder on the right side of the running wheels in G2.

6 Add the pellet feeder into the rectangular hole on the front side of G1.

7 Place the slide tunnel into the G1 section on the left side of the pellet feeder.

8 Add the water bottles to the G2 front side.

9 Add food pellets in the feeder and also in the G1 section.

CAUTION: When possible, spread food pellets throughout the bedding material of G1 to give
rodents the opportunity to develop their foraging behavior and allow them to pick up these food
pellets and eat anywhere in the cage. This will help increase the perception of control on their
environment and thereafter their well-being.

10 Add paper wool in G1 and aspen wood wool in G2.

11 Pile up the upper floor box on the ground floor box.

12 Place the maze on the ground of the upper floor.

CRITICAL STEP: Be careful to correctly position the maze since it has two sides. When the maze
Al is indicated, it means that the side 1 should be facing the climbing ladder. See “maze
configuration change” section.

13 Fill the maze with autoclaved bedding material to a height of 1 cm.

14 Put all rats in the G2 section near the climbing ladder.

CAUTION: when enrichment starts at weaning, rats and mice are placed with their dams into the
cage. Dams are positioned in the G1, while young animals are placed in the G2. Dams are
maintained in the cage for 48 hours. The first week, the maze placed on Monday remains until

Friday.



15 Cover the cage with its lid.

Maze configuration change Timing 3-5 minutes per cage

1 Indentify the next maze configuration.

CRITICAL STEP: On each maze, the number 1 has been added to one side, and the number 2 to
the other side. When the terms “Al1” or "D2"” are employed, it signifies that side 1 of maze A, or
side 2 of maze D, is positioned facing the climbing ladder, respectively. Thus, be careful to position
the right number facing the climbing ladder. When using multiple cages, “Appendix A” in the
supplementary data can be helpful for maze configuration change.

2 Uncover the lid, remove the former maze and add the new one.

CRITICAL STEP: You may need to remove animals from the maze before changing it. Thus,
prepare a large conventional cage to put animals in during the change procedure.

3 Fill the maze with autoclaved bedding material to a height of 1 cm.

4 Cover the cage with its lid.

Bedding material, maze configuration changes and cleaning Timing 30-45 minutes per cage
1 Prepare a large conventional cage to put all rats or mice in during the cleaning step.

2 Uncover the lid, and move all animals to the conventional cage.

3 Remove the upper floor, and place all remaining animals in the conventional cage.

4 Remove all items from the ground floor and all the bedding material.

5 Wash and dry all items.

6 Repeat Steps 1-15 from the “Marlau™ cage setup” section.

7 Repeat this procedure once per week.

Timing
Steps 1-15, Marlau™ cage setup: 10 minutes per cage
Steps 1-4, Maze configuration change: 3-5 minutes per cage

Steps 1-7, Bedding material, maze configuration change and cleaning: 30-45 minutes per cage



FIGURE LEGENDS

Fig.1. Some of the non-standardized EE cages reported in the literature. These cages, of
different shapes and sizes with running wheels and a variety of objects or toys such as tunnels,

cardboard boxes, small houses and rubber balls, are used to enrich the rodents environments.

Fig.2. Design of the Marlau™ cage showing its complex structure. The cage allows housing
of 12 rats or 18 mice in a large exploration area. The ground floor is divided into 2 sections
including one section with food pellets G1 and another G2 with 3 water bottles, a red house and 3
running wheels. In order to reach food, rodents need to climb from G2 to the upper floor via a
climbing ladder, cross a maze the configuration of which is changed three times a week and then
go down to G1 via a sliding tunnel. Access back to G2 is made possible by 2 one-way opening
doors located in the wall separating the ground floor. Assembling Marlau™ cage with its items is

easy and its configuration guarantees the reproducibility between experiments

Fig.3. Drawings of mazes configuration used in Marlau™ cage. Six mazes (A-F) are
permanently used, offering a total of 12 different configurations. The maze is changed 3 times a
week (guaranteeing novelty and sustained cognitive stimulation) in a defined order to offer
reproducibility across experiments (starting with the series of A1, B1, C1, and ending with the
series of D2, E2, and F2). Territorial dominance is avoided by the presence of 2 gates on each side

of the maze.



ANTICIPATED RESULTS

The reproducibility of results between experiments can be achieved using standardized EE
protocols. Indeed, it has been shown that exposing mice located in three different sites to exactly
the same EE protocol induced similar results®>. Following 1-2 weeks of housing rats from weaning
in the Marlau™ cage, we have shown that LTP is enhanced compared to rats housed in
conventional cages (A. BELMEGUENAI. Environmental enrichment regulates excitability, synaptic
transmission, and LTP in rat hippocampal CA1 pyramidal neurons after status epilepticus. Program
No. 889.04 2011 Neuroscience Meeting Planner. Washington, DC: Society for Neuroscience, 2011.
Online). Following 5-7 weeks of housing rats from weaning in the Marlau ™ cage, anxiety-like
behavior was decreased in the Elevated Plus Maze (EPM) test and the black and white box test, and
the performance in the Morris Water Maze test was enhanced (R.P. FARES. Protective effects of
environmental enrichment in Marlau on the development of spontanaeus seizures and cognition in
rats subjected to status epilepticus at weaning. 28" IEC Proceedings, Epilepsia, 50(Suppl.10): 1-
182, 2009 doi: 10.1111/j.1528-1167.2009.02320.x) and gene expression of EPO, EpoR, BDNF and
IGF-1 are increased in the hippocampus and the ventral limbic regions'® (R.P. FARES. Failure to
solve problems impairs brain plasticity in rats housed in enriched environment. Publication ref.:
FENS Abstr., vol.5, 176.5, 2010). We have also provided evidence that brain robustness is
increased since we have shown that cognitive impairment following status-epilepticus is decreased
when rats were housed in Marlau™ cages (R.P. FARES. Protective effects of environmental
enrichment in Marlau on the development of spontanaeus seizures and cognition in rats subjected
to status epilepticus at weaning. 28" IEC Proceedings, Epilepsia, 50(Suppl.10): 1-182, 2009 doi:
10.1111/j.1528-1167.2009.02320.x). Finally, spatial and emotional memories assessed by place
recognition and contextual fear conditioning tests were also improved in old mice, and age-
associated decrease in expression of hippocampal tissue plasminogen activator (tPA) was

reversed?®.
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ABBREVIATIONS

BDNF brain derived neurotrophic factor
ECT environmental complexity and training
EE environmental enrichment

EPM elevated plus maze

Epo erythropoietin

EpoR erythropoietin receptor

IGF-1 insulin-like growth factor-1

LTP long-term potentiation
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