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Summary

Behavioural experiments in mice are often carried out during the resting phase of these
nocturnal animals. Ignoring the fact that mice are more active during the dark period, results
from resting-phase testing has also been used to characterize these animals. Since the
influence of the light/dark cycle on testing is likely to be a relevant factor for the analysis of
behavioural results, the aim of this study was to evaluate the effects of the relative time of
the day as well as light conditions during testing on behavioural and cognitive performance
in inbred mice. Naı̈ve DBA/2N (DBA) mice were tested in the modified hole board (mHB)
either during the dark phase under red light or during the light phase under white light.
Different behavioural dimensions and cognitive functions were evaluated in parallel.
Depending on the testing conditions, the results showed significant differences in
behavioural activity, with DBA mice being less inhibited during dark phase. The same
experimental group made fewer memory errors in a visuo-spatial task and showed a faster
habituation compared with the group tested during the dark phase. From the results we
conclude that testing during the light phase induces a pronounced behavioural inhibition as
well as a cognitive disruption in DBA mice, which should be taken into account when
cognitively testing these animals.
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Physiology and behaviour are fundamentally
modulated by the light/dark cycle (Albrecht
& Oster 2001). This rhythm profoundly
influences body temperature (Weinert &
Waterhouse 1998), endocrine rhythms
(Ruiter et al. 2003), food intake (Stephan &
Zucker 1972, Campuzano et al. 1999),
activity (Kamei et al. 1998, Takahashi &
Turek 2000, Weinert et al. 2002) and social
behaviour (Stephan & Zucker 1972).

Disruption of the light/dark cycle is
known to cause severe physiological
and behavioural dysfunction (Van der
Hoofdakker & Beersma 1988, Barbini et al.
1996, Leamann 1999). When performing
experiments in animals, the relative day-
time of testing (i.e. light or dark phase,
respectively) as well as the light conditions
used (i.e. red light or white light) should be
carefully considered since both are likely
to represent confounding factors for the
experimental results.

A number of studies have been performed
on laboratory rodents to investigate the
possible effects of light conditions and time
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of testing in relation to the respective
activity cycle on experimental behaviour,
and varying results have been obtained. Rats
in the forced-swim test were less stressed
during the active phase of their circadian
cycle (Kelliher et al. 2000). A comparison
of various inbred mouse strains revealed
differences in the circadian rhythm of
locomotor activity between strains (Kopp
2001): individuals from the C57BL/6J and
BALB/cJ strains showed a clear-cut decline
of their locomotor activity in the second part
of the night. Activity in C3H/HeJ and CBA/J
mice declined progressively, reaching
daytime values at the end of the night. All
mouse strains tested displayed their main
activity peak at the beginning of the dark
phase.

Based on the fact that general activity
levels are likely to confound behavioural
measurement, it seems obvious that a
defined and constant time point of testing in
relation to the animals’ activity cycle is of
fundamental importance to obtain reliable
results in behavioural studies. Nevertheless,
experimental protocols show considerable
variances in terms of the time point of
testing. It should be considered whether or
not the influence of the light/dark cycle
might explain contradictory findings
reported for behavioural testing in mice.
Although there are only a few studies
conceptualized to investigate this question
(Kopp et al. 1998, Valentinuzzi et al. 2000,
Johns & King 2001, Bertoglio & Carobrez
2002, Chaudhury & Colwell 2002), it has
been demonstrated that cognitive functions,
such as acquisition, recall and extinction of
memory, differ depending on the time point
of testing.

The present study was designed to
investigate the influence of the relative time
of testing and the corresponding lighting
conditions as potential confounding
variables in behaviour in general as well as
in visuo-spatial memory processes in mice.
Inbred DBA/2N (DBA) mice were tested
during either the dark (i.e. activity) phase
under red light conditions or during the light
(i.e. resting) phase under white light
conditions. The DBA strain has been studied
extensively in a number of different tests

and is thought to represent an interesting
animal model of high anxiety (Trullas &
Skolnick 1993, Crawley et al. 1997, Griebel
et al. 1997, Ohl et al. 2003). Animals of this
strain have also been reported to have
distinct cognitive dysfunction in performing
spatial memory tests (Ammasari-Teule et al.
1995, Crawley et al. 1997, Parmigiani et al.
1999, Cahib et al. 2002). It is of note that the
same strain was shown to perform well in a
visuo-spatial cognitive task when tested
during their activity phase (Ohl et al. 2003).
Therefore, the DBA mouse strain represents
an interesting strain for investigating more
systematically the effects of light or dark
phase testing on behaviour and cognitive
performance.

For behavioural and cognitive testing, the
modified hole board (mHB) test was used,
which allows the evaluation of a variety of
behavioural dimensions (Ohl et al. 2001a,b).
The mHB has been designed to allow for a
detailed behavioural analysis based on one
single paradigm and represents a test for
unconditioned behaviour, at the same time
minimizing the presence of test-induced
aversive stimuli, such as aversive lighting
conditions or forced exposition to aversive
areas. In addition to the evaluation of a
variety of behavioural patterns such as
exploration, locomotion, avoidance
behaviour, risk assessment and feeding,
the mHB can be used to analyse cognitive
processes in parallel (Ohl et al. 2002, 2003),
thus, offering an ideal tool for evaluating
environmental effects on behaviour and
cognition in mice.

Methods

Animals

All studies were performed with naı̈ve, 10-
week-old male DBA mice (n¼ 22), obtained
from Charles River Laboratories (Sulzfeld,
Germany). The animals were kept under
standard laboratory conditions (221C, 60%
humidity with standard mice chow,
Altromin 1314, Lage, Germany, and water
available ad libitum) in the animal facilities
of the Max Planck Institute of Psychiatry.
The mice were randomly assigned to two
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experimental groups and were housed in the
respective test rooms for two weeks before
the start of the experiment under the
following conditions: for testing during their
active period (DBA-a, n¼ 11), lights were on
at 00:00h until 12:00 h and for testing during
the resting phase (DBA-r, n¼ 11), lights were
on at 06:00h until 18:00h. To avoid inter-
male aggression all mice were housed
individually in standard Plexiglas cages under
conventional conditions (26� 20� 14 cm).
The test set-up was located behind a
partition to prevent waiting animals from
observing the testing procedure. From
previous studies there was no evidence for
testing order effects on behavioural data.

The animal studies were conducted in
accordance with the guidelines set by the
National Institutes of Health, USA, and the
Guide for the Care and Use of Laboratory
Animals of the Government of Bavaria,
Germany.

Modified hole board

The mHB represents a combination of a hole
board and an open field. The set-up used
for initial testing consisted of a box
(100� 50� 40 cm) with a hole board
(40� 25� 1 cm) positioned in the centre of
this box. The set-up was of opaque grey PVC
with 23 holes staggered in three lines (Ohl
et al. 1998, 2002). The holes were covered
with movable lids, which were made of the
same material as the board. The board was
placed in the middle of a PVC box
representing the central area of an open field.
The area surrounding the board was divided
into 12 squares of equal size by grey lines.

For cognitive testing, the experimental
box was reduced in size to 50� 50 cm and a
smaller board was used. On the board, 10
cylinders (3.0� 3.0 cm) were placed in two
lines. Each cylinder contained a piece of
almond, fixed beneath a grid, which could
not be removed by the mice. In addition, the
bottom of each cylinder was scented with
vanilla (vanilla flavour dissolved in water
0.02%; Micro-Plus, Stadtoldendorf,
Germany), as pilot studies showed that mice
were attracted by this flavour. For each
visuo-spatial task, three randomly selected

cylinders were marked with a white (i.e.
highly contrasting to the grey background)
tape and also baited with a removable piece
of almond as food reward. This design
enabled the performance of a visuo-spatial
task by changing the positions of the baited
cylinders and, in doing so, to investigate
flexible cognitive processes (Ohl et al. 1998).
For spatial tasks, the marked cylinders were
removed and replaced with unmarked
cylinders, while the sequences of the baited
cylinders remained unchanged. As the
character of this task was identical to the
mHB task, the cylinders are referred to as
holes in the following.

Testing schedule Testing took place
between 13:00 and 17:00 h throughout.
Depending on the respective light/dark cycle
in the housing/testing room, this time frame
represented either the first part of the dark
phase, when animals are most active or the
second part of the light phase of the animals.
The latter was chosen to allow animals to
rest several hours before being tested. During
the dark phase, the trials were executed
under red light, with two spots illuminating
the mHB (5Lux, Spot R63, General Electric,
40W, E27, +63mm). When tested during
the light phase, the mHB was illuminated by
70Lux.

For two days before the experiment, each
animal received one piece of almond (about
0.05 g) daily for habituation, as almonds were
used as familiar food in the initial mHB test
and as food reward in the visuo-spatial test.
After two weeks of habituation in the testing
room, naı̈ve mice were tested using the
mHB. For initial testing, a piece of almond
(familiar food) and a food pellet (unfamiliar
food; Precision Pellets F0021-J; Bioserv,
Holton Industries, Frenchtown, USA) were
placed at 2 cm distance from each other in
each of the two corners close to the starting
point. All individuals were successively
placed into the mHB for 5min. Each animal
was transferred directly from its home cage
to the experimental box and placed at the
start position in always the same corner of
the compartment. Two days after the initial
behavioural testing, cognitive testing was
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started with the same animals for nine days.
Each mouse performed four trials daily,
except for the last day when only three trials
were run. For each of the animals, the
intertrial interval was about 30min. After
trial 20, a break of two days was inserted. For
the 12th trial, the sequence of baited holes
was randomly changed. For the 20th trial,
the marked holes were replaced with
unmarked holes (spatial trial). For the 25th
trial, the sequence of the baited and marked
holes was changed again. During the last
trial (trial 35), the sequence of the marked
holes remained unchanged but no food
reward was presented. All tests were
videotaped and directly monitored by a
trained observer. The video set-up used was
situated in the testing room. It was regularly
turned on during the habituation period
although no ultrasound was detected.

Behavioural parameters

The following parameters were measured
and assigned to different behavioural
categories according to previous studies (Ohl
et al. 2001a,b, 2002):

(1) Indicating directed exploration: the
latency to the first hole visit (latency
hole), the total number of holes visited
(holes visited), and the total time each
mouse spent performing the trials (i.e.
visiting all three baited holes) (time
trial) (a hole was counted as visited
when the mouse dipped the nose below
the rim of the cylinder).

(2) Indicating anxiety/avoidance of the
unprotected area: the latency to the first
board entry (latency board), number of
board entries, the percentage of time
spent on the board (% time board) (a
board entry was scored when the ani-
mals’ head and both forepaws were
on the board) and risk-assessment
(stretched attends).

(3) Indicating arousal or de-arousal: the
percentage of time spent self-grooming
(% grooming) and the latency to self-
groom (latency grooming).

(4) Indicating locomotor activity: the
number of line crossings (line crossings)

(a line crossing was scored when the
animal had passed a line with all 4
paws).

(5) Indicating general exploration: the
number of rearings (rearings).

(6) Indicating food intake inhibition: the
latency to explore familiar/unfamiliar
food (exploration familiar/unfamiliar
food).

Cognitive parameters

The number of holes visited was counted
until the animal found each of the three food
rewards or for a maximum time of 5min. A
hole was counted as visited when the mouse
dipped the nose below the rim of the
cylinder. The visit of a non-baited hole was
defined as wrong choice. This was regarded
as equivalent to a long-term memory error,
because the recall of previously learned
information, such as the association
between a visual mark and the food reward,
is necessary to avoid wrong choices. Revisits
of non-baited holes were also counted as
wrong choices since animals displayed no
inclination to learn the respective positions
of the non-baited holes. Revisits of baited
holes were defined as repeated choice,
indicating a working memory error. The
number of omission errors was also
analysed, representing the number of
omitted marked and baited holes during
one trial.

Statistical analysis

Data of initial testing were analysed using a
one-way analysis of variance (ANOVA,
STATISTICA, Statsoft, USA) with ‘phase’
as factor. Data of cognitive testing were
analysed using a two-way repeated measured
ANOVA with ‘phase’ and ‘trial’ as main
factors. Further post hoc analysis was done
by the Fisher’s least significant difference
(LSD) test. Not normally distributed data
were analysed by means of a Mann–Whitney
U-test (between experimental groups) or
Wilcoxon matched pairs test (between
trials). Data were considered significant at
Po0.05 and were expressed as group
mean7standard error of the mean (SEM).
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Results

Initial testing

The results of the initial testing revealed a
significant impact of the daytime of testing
on behaviour in DBA mice. DBA mice
performed significantly more stretched
attends during the activity phase
(mean7SEM: 7.571.53 (DBA-a), 2.070.61
(DBA-r); F(1, 28)¼ 9.67, Po0.01, Figure 1a).
Locomotor activity (line crossings:
mean7SEM: 119.6274.8 (DBA-a),
70.48760.52 (DBA-r); F(1, 28)¼ 13.8, Po0.05,
Figure 1b) as well as general exploration
(rearings: mean7SEM: 41.573.67 (DBA-a),
15.1771.92 (DBA-r); (F(1, 28)¼ 13.8, Po0.05),
Figure 1c) was significantly higher during
the activity phase when compared with the
resting phase. Moreover, DBA mice showed
a more pronounced inhibition of food
exploration and intake during the resting
phase (exploration unfamiliar food:
mean7SEM: 2.8770.51 (DBA-a),
159.07721.95 (DBA-r); F(1, 28)¼ 8.74,
Po0.05, Figure 1d; intake unfamiliar
food: mean7SEM: 300.070.0 (DBA-a),
254.3714.44 (DBA-r); F(1, 28)¼ 4.59, Po0.05,
Figure 1e) compared with the situation found
during the animals’ activity phase, while no
difference was found for the exploration of
familiar food. No significant effect was
found for avoidance behaviour towards the
unprotected area (Figure 1f). Finally, DBA
mice showed a higher defaecation rate
during the resting phase (mean7SEM:
0.1270.12 (DBA-a), 0.6670.19 (DBA-r);
F(1, 28)¼ 30.8, Po0.01, data not shown), while
no differences in terms of latency to self-
grooming was noted.

Cognitive testing

Cognitive parameters When tested during
the resting phase, the animals performed a
higher number of wrong choices (mean7
SEM: 1.8370.13 (DBA-a), 3.1470.25 (DBA-
r); phase� trial: F(34, 340)¼ 2.64, Po0.01,
Figure 2a). The post hoc analysis indicated a
significant impairment in cognitive perfor-
mance especially for the first half of the
experiment (trials 10, 11, 13–15 and 17) and
during the last trial (35) when no food reward

was placed in the marked holes. In addi-
tion, a higher number of omission errors
(mean7SEM: 0.4370.05 (DBA-a), 0.7470.08
(DBA-r); phase� trial: F(34, 340)¼ 1.90,
Po0.01, data not shown) was revealed for
the same experimental group. Paralleling the
results found for wrong choices, especially
the first half of the experiment under resting
phase conditions was characterized by defi-
cits in performance.

For repeated choices, regarded as working
memory errors (mean7SEM: 1.270.09
(DBA-a), 1.3170.14 (DBA-r); phase� trial:
F(34, 340)¼ 1.70, Po0.01, data not shown),
DBA mice showed a lower number of errors
during the activity phase. The post hoc
analysis revealed significant differences
between experimental groups for trial 4, trial
13 and trial 35. A significant increase of
repeated choices was found in trials 10, 13
and 35. Regarding the parameter time trial
(mean7SEM: 134.6176.64 (DBA-a),
228.5677.63 (DBA-r); phase� trial:
F(34, 340)¼ 1.84, Po0.01, Figure 2b), DBA
mice needed significantly less time to visit
all baited holes during the activity phase.
From trial 5 onwards, they showed a
significant reduction of time trial compared
with trial 1 when tested during the activity
phase. In contrast, the mice tested during
their resting phase reached a stable cognitive
performance only from trial 18 onward.

Behavioural parameters Independent of the
time point of testing, DBA mice showed a
clear increase in time spent on the board
over time (trial: F(34, 340)¼ 3.25, Po0.01,
Figure 2c). However, when tested during the
resting phase, the animals showed a higher
anxiety-related behaviour during the first
five trials.

In terms of general exploration (rearings),
no effect of the time point of testing was
found, while in both experimental groups
the number of rearings decreased over time
(trial: F(34, 340)¼ 3.11, Po0.01, data not
shown). In trial 5, DBA mice showed a
significant decrease of rearings compared
with the prior trial.

The directed exploration (number of holes
visited) significantly differed in DBA mice
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depending on the time point of testing
(mean7SEM: 5.1970.18 (DBA-a), 6.0670.39
(DBA-r); trial� phase: F(34, 340)¼ 2.76,
Po0.01, data not shown). While in the
beginning of the cognitive training, the mice
visited more holes when tested in the
activity phase (trials 3 and 4), the situation
reversed in the second half of the
experiment.

The interaction of trial� phase revealed a
significant effect (mean7SEM: 33.1273.07
(DBA-a), 106.6674.07 (DBA-r); F(34, 340)¼
1.76, Po0.01, data not shown) for the
parameter latency hole. Overall, DBA mice
took more time until they visited the first
hole when tested during the resting phase
(trials 2, 4, 7–11, 14, 16, 20, 24 and 26).

Significant effects were found for the
parameter line crossings on the interaction
of trial and strain (mean7SEM: 36.7572.2
(DBA-a), 29.6471.56 (DBA-r); F(34, 340)¼ 1.58,
Po0.05, data not shown). During the
activity phase, DBA mice made significantly
less line crossings. For the percentage of
time spent on grooming, significant effects
were found on the interaction of trial and
phase (mean7SEM: 0.5670.09 (DBA-a),
4.7670.35 (DBA-r); F(34, 340)¼1.50, Po0.05,
data not shown), with individuals spending
more time on grooming during the resting
phase.

Discussion

Behavioural experiments in mice are carried
out almost exclusively during the resting
phase of these nocturnal animals. Ignoring
the fact that these animals are more active
during the dark phase, the results from light
phase testing have been used to charac-
terize rodents in general. In our study, we
evaluated the effects of light or dark phase
testing, respectively, on behavioural and
cognitive processes in DBA mice.
Contrasting behavioural and cognitive
characteristics have been described for this
inbred strain: some studies present DBA
mice as cognitively impaired (Schwegler
et al. 1990), while others do not (Thinus-
Blanc et al. 1996). It is of note that different
test conditions were used in these studies in
terms of daytime of testing.

Initial testing

When tested during the dark phase, naı̈ve
DBA mice were more active in terms of
undirected exploration (rearings, Figure 1e)
as well as locomotion (line crossings,
Figure 1c) compared with their behaviour
during the light phase. In addition, the same
animals showed a higher number of
stretched attends (Figure 1a), indicating a
more active risk-assessment behaviour
(Rodgers et al. 1999). The stimulating effect
of activity-phase testing in DBA mice was
further underlined by the reduced latency to
explore and eat unfamiliar food (Figures 1b
and d). Notably, avoidance behaviour (time
on board, Figure 1f) remained unaffected by
the different testing conditions. This may be
explained by the high innate anxiety, which
has repeatedly been described as a constant
characteristic in DBA mice under various
test conditions (Crawley et al. 1997, Rodgers
et al. 1999, Ohl et al. 2003).

The results emphasize an inhibitory
impact of testing during the light phase on
behaviour in mice. Given previous findings,
this effect seems to be true for rats and mice
in general, since the same has been shown in
selective tests for locomotor activity
(Gordon et al. 1998, Kopp et al. 1998,
Valentinuzzi et al. 2000, Benstaali et al.
2001) and anxiety (Bertoglio & Carobrez
2002). Other studies in rodents could not
reproduce the inhibitory effect, which was
explained by methodological differences,
such as the level of illumination or
differences in the time of adaptation to the
new light/dark cycle (Becker & Grecksch
1996, Johns & King 2001).

Cognitive testing

During cognitive testing, when repeatedly
exposed to the test set-up, DBAmice showed
a pronounced delay in habituation when
tested during the light phase. When exposed
to the cognitive version of the mHB for the
first time (i.e. after having been initially
tested 3 days before), animals tested during
the dark phase already spent almost 40% of
the time on the board (Figure 2c). In contrast,
DBA mice tested during the light phase
started the learning phase with about 20%
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time on the board and needed about 10 trials
(i.e. more than 2 days) to reach the level of
the dark phase group. The effect of the
relative daytime of testing on cognitive
performance was even more pronounced:
those animals tested during the light phase
needed more time (Figure 2b) to complete

the test and made more errors (Figure 2a).
Notably, during the light phase, DBA mice
were as well more sensitive to a new
challenge; this can be seen by the significant
increase in error rate and ‘time trial’ during
trial 35, when no rewards were presented
with the marked holes. Overall, testing
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during the light phase significantly impaired
cognitive performance in DBA mice.

As mentioned above, the impaired
cognitive performance in DBA mice tested
during the light phase is paralleled by
increased avoidance behaviour, which is
indicative of anxiety. This is of note since in
previous studies it has been shown that the
high innate (trait) anxiety in DBA mice leads
to a successful, goal-directed strategy when
compared with the performance of a low-
anxiety strain when tested during their
activity phase (Ohl et al. 2003). In contrast,
situation evoked (state) anxiety, as it is
induced by resting phase testing, obviously
interacts in a different way with cognitive
processes. At first glance, it may be
considered that the coincidence of cognitive
performance and anxiety-related behaviour
can be explained by the inhibitory capacity
of increased anxiety (Ralph & Mrosovsky
1992, Nguyen et al. 2000), i.e. a secondary
effect on cognitive performance. This
explanation, however, seems unlikely since
the remarkable increase in error rates in trial
35 is paralleled by an enhanced number of
hole visits, i.e. by a dis-inhibition of
exploratory activity.

It also has to be considered whether or not
the shift of the light/dark cycle affects the
cognitive performance of mice. A light/dark
reversal has been shown to produce a
transient period of disruption on mice
behaviour (Van den Pol et al. 1998, Weinert
et al. 2002), such as passive avoidance
behaviour or emotional responses in an
open field (Kopp 2001). Long-term memory
processes, which in our study were assessed
by means of wrong choices and omission
errors, are hypothesized to be especially
vulnerable to the effects of altered circadian
rhythms: phase shifting of circadian
rhythms are known to disrupt cognitive
performance independent of its effects on
non-cognitive behavioural performance
(Winocur & Hasher 1999, Devan et al. 2001,
Chaudhury & Colwell 2002). However, the
time to adapt to a 12h light/dark reversal has
been reported to differ between inbred
mouse strains ranging from four days for
C57BL/6J mice to nine days for C3H/He
mice (Kopp et al. 1998). In the study

presented here, phase shifting two weeks
prior to the testing had no disruptive impact
on cognitive function in DBA mice. On the
contrary, DBA mice made fewer long-term
memory errors (wrong choices) after a
fortnight of adaptation to a modified light/
dark cycle than animals that did not undergo
the phase shifting. Accordingly, the number
of omission errors and the time needed to
perform the trial indicated a better cognitive
performance in animals tested during their
activity phase. Overall, the results indicate
that the potentially disruptive effect of a
phase shift on cognitive performance
is no longer present after two weeks of
habituation in DBA mice.

It should be noted that in the present
experiment two factors differed between the
experimental groups: relative time of testing
and light conditions during testing. The
mHB testing was performed using 70Lux,
which can be considered as non-aversive
light conditions (Hascoet et al. 2001). In
comparison to the light conditions used
during resting phase testing (red light, 5
Lux), it cannot be excluded that the use of
white light per se may be stressful to the
animals, thus affecting their behavioural
performance (Valentinuzzi et al. 2000,
Kopp 2001, Mistlberger & Holmes 2001).
However, this study was designed to directly
compare the two most frequently used test
conditions, which are (i) testing during the
light phase under white light conditions and
(ii) testing during the dark phase under red
light conditions.

It is certainly necessary to study further
time points in either light or dark phase to
unravel the impact of circadian rhythm
on behavioural and cognitive behaviour in
mice. From the results given here, we
conclude that testing during the light
phase induces a pronounced behavioural
inhibition as well as a cognitive disruption
in DBA mice, which should be taken into
account when cognitively testing these
animals.
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