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Abstract Decline of hippocampal function with age has many effects, including
deficits in episodic memory and spatial orientation. Motivated by research in
cognitive psychology and behavioral neuroscience showing the importance of
environmental boundaries in spatial mapping, we tested adult and aged rats in a
simple reorientation task involving both environmental boundary geometry and
landmarks. We find preliminary evidence that aged rats are impaired in their ability
to reorient, particularly with respect to boundary geometry.
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1 Introduction

Animals can apply various strategies in finding their way towards a target location.
To do so they use information from the external environment to create an internal
spatial representation to facilitate their navigation. In a controlled laboratory setup,
animals can be tested on their use of two main kinds of cues: the geometric
properties of the environment, such as the arena shape, or landmark features such as
visual colors and patterns. Several studies have shown that a wide range of animal
species, including humans, use environmental geometry to encode and find their
way to a goal location (Cheng 1986; Hermer and Spelke 1994; Lee et al. 2012). The
neural substrates of spatial mapping and navigation are said to be in the
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hippocampal formation. Particular spatially specific neurons such as place cells,
grid cells, head direction and boundary cells provide the representations that make
up an internal map in the animal’s brain (Hartley et al. 2014). Out of these cells, the
boundary cells have been shown to play a crucial role in defining a location with
respect to the environment (Hartley et al. 2000; Lever et al. 2009).

2 Methods

Given the marked changes in hippocampal function with aging, we tested fourteen
Lister hooded rats (Rattus Norvegicus) at the age of 6 months (adults) and sev-
enteen at the age of 18 months (old) in a working memory task. We trained animals
in each trial to explore the arena and find the rewarded corner that contained pieces
of chocolate. The animal was then removed, disoriented, and placed back in the
empty arena for a one-minute testing period. Each animal received three trials per
day for two consecutive days. We later observed the time they spent in each corner.
We applied this task in three different environmental conditions: a black rectangular
arena, a rectangular arena with a striped wall and a square arena with a striped wall.

3 Results

Young adult rats (n = 5) in a rectangular arena spend more time in the correct and
rotationally correct corners showing successful use of geometry. However, old rats
(n = 7) in the same condition show clearly no distinction between correct and
incorrect corners (Fig. 1).

Fig. 1 Rectangular arena (120 × 60 cm) to test the use of boundary geometry. The bars indicate
the proportion of time they spend in a 2 cm range from each corner during the 60 s testing. Asterix
indicates p < 0.05
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The introduction of a striped wall helps searches toward the correct corner in
both groups (n = 4 young; n = 6 old) showing that a salient cue like a striped wall
coupled with landmark help in reorientation towards the target location (Fig. 2).

In the last condition both young and old rats (n = 5 young; n = 4 old) do not
show a statistical preference towards the correct corner showing difficulty in
landmark use alone (Fig. 3).

Fig. 2 Rectangular arena (120 × 60 cm) to test the use of boundary geometry and landmark use
such as a striped wall (0.5 cm thick polyurethane panels alternating black and white stripes thick
10 cm). The bars indicate the proportion of time they spend in a 2 cm range from each corner
during the 60 s testing

Fig. 3 Square arena (85 × 85 cm2) to test the use of only landmark use such as a striped wall
(0.5 cm thick polyurethane panels alternating black and white stripes (thickness 10 cm). The bars
indicate the proportion of time they spend in a 2 cm range from the corner during the 60 s testing
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4 Discussion

Our findings suggest that age can alter some of our cognitive abilities such as our
ability to reorient in a simple spatial environment. This is consistent with the idea
that our brain and specific brain structures such as the hippocampus involved in
spatial navigation face physiological changes with age and consequently result in
impairments on such tasks. Being able to assess hippocampal, function in spatial
cognition using simple noninvasive behavioral tests can benefit patients and better
evaluate the cognitive effects of treatments. This is of particular importance in
disorders such as Alzheimer’s disease, in which early diagnosis is crucial.
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