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Episodic memory is relevant for auto-consciousness in humans. In nonhuman animals, episodic-like memory is defined when the
“what–where–when” content of a unique event forms an integrated cognitive representation that is then deployed during memory
retrieval. Here, we aimed at testing episodic-like memories of mice under experimental conditions that allow the analysis of whether and
how mice process what–where–when information. Using an ecologically relevant paradigm for spontaneous learning and memory, we
show that mice modulate their behavior based on the what, where, and when components of past unique episodes, specifically on previous
encounters of conspecifics at a defined location and at a specific time of the day. We also show that learning during this paradigm
activated Arc/Arg3.1 mRNA expression in the hippocampus and that stereotactic injection of anisomycin into this region impairs memory
consolidation. Thus, hippocampus-dependent episodic-like memories of single experiences are spontaneously created in mice. These
findings extend our knowledge of the cognitive capacities of the mouse and suggest that this species can be used as model for studying the
mechanisms underlying human episodic memory and related neurological disorders.

Introduction
Episodic memory is a human cognitive function that allows in-
dividuals to “travel back into the past in their own minds” (Tulv-
ing, 1972). Degradation of the capacity to store and retrieve
episodic memories results from several neuropsychiatric dis-
eases, with dramatic consequences for the affected patients and
their families. The original definition of episodic memory has
been linked to autonoetic consciousness (Tulving, 2002), a fea-
ture that can be demonstrated only in humans (Griffiths et al.,
1999). For nonhuman animals, the definition of episodic-like
memory has been proposed. The criterion for episodic-like mem-
ory is that a behavioral response should be based on “what” oc-
curred “where” and “when” during a past experience (Clayton
and Dickinson, 1998). What–where–when memory as a form of
episodic-like memory was first proposed in an elegant study on
Western scrub jays (Clayton and Dickinson, 1998), and later in
rodents such as rats (Zhou and Crystal, 2009) and meadow voles
(Ferkin et al., 2008). In the last decades, the mouse has become a
relevant model for human cognitive functions. Traditional mem-
ory paradigms designed for the mouse are concerned with the
question of what was experienced and eventually where an event
was experienced. To model human episodic memory, protocols

have been designed that require mice to also use temporal cues
for the localization of a target during a spatial learning task, such
as in the delayed match-to-place protocol in the water maze test
(Staddon, 1984) or the novelty preference paradigm designed by
Dere et al. (2005). Notwithstanding these efforts to model human
episodic memory in mice, it is questionable whether these para-
digms fulfill the criteria for episodic-like memory, because they
require either several trials and sessions, or spatial preference
results from familiarity, or the time component can be solved
based on the calculation of how long ago and not when a certain
event took place (Clayton et al., 2003a).

Here, we established a paradigm in which we tested whether
male mice are capable of creating memories of what they experi-
enced at a particular time and spatial location. To fulfill the cri-
teria for episodic-like memory, the following criteria should be
reached: memory should be formed after an experience, the what
and where components of the memory should not be retrieved
based on familiarity, nor the when component based on how long
ago the event occurred. Finally, mice should modulate their be-
havioral responses depending on the integrated what–where–
when representation.

Materials and Methods
Animals and husbandry. C57BL/6J and CD-1 mice aged between 3 and 5
months were kept in a vivarium with an inverted 12:12 light:dark cycle
(light off at 0700) under standard housing conditions (23 � 1°C, 40 –
50% humidity, food and water ad libitum). Male mice were isolated 10 d
before starting the experiments, which were performed in a room adja-
cent to the vivarium and illuminated by red light. Prior to testing, none of
the mice had ever contacted conspecific females after the age of 21 d. Care
was taken to minimize pain or discomfort for the animals. Experiments
were conducted in accordance with the German and European Commu-
nity laws on protection of experimental animals and approved by the
local authorities of the City of Hamburg.
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Arenas. The compartmented arena was a square box (50 � 50 cm and
38 cm high) made of white polyvinyl chloride (PVC). The apparatus was
divided into two equal compartments by a white PVC wall with a hole in
the middle to allow a mouse to move between the two compartments. A
transparent plastic beaker was placed in one corner of each compart-
ment, one of which contained a female mouse during the experience
trials (Fig. 1A). Several holes were drilled 1 cm from the beaker’s bottom
to allow the male to interact with the female. The open arena was a white,
laminated, square, wooden plate bordered by a 10-cm-high transparent
Plexiglas wall (79.5 � 79.5 cm). Transparent Plexiglas walls (26 cm high)
were added in three of the four corners to create three boxes (14 � 14 cm)
(Fig. 1C) and three cohabitating female mice were placed in one of them
during the experience trials. Holes were drilled at the bottom of these
walls so that male mice in the arena could interact with female mice.
White light illuminated the compartmented (15 lux) and open (65 lux)
arenas.

Experiment 1. Male mice underwent one 20 min experience trial and 1
or 24 h thereafter one 20 min recall trial. During the experience trial, mice
were placed in the arena with the nostrils contacting the holes of the
beaker (when the compartmented arena was used) or box (when the
open arena was used) in which the females were located. The recall trial
was performed similarly to the experience trial, with the only differences
being that females were absent and male mice were placed in the center of
the arenas or, in the case of the compartmented arena, at the door be-
tween the two compartments. To avoid the presence of female odor
during the recall trial, two identical sets of arenas were used for the
experience and recall trials. The arenas were surrounded by dark curtains
and placed in the same location in the experimental room during the
experience and recall trials. Mice could orientate by using geometric
information extrapolated from the shape of the arenas (Fellini et al.,
2006; Meier et al., 2010; Fellini and Morellini, 2011).

Experiment 2. CD-1 male mice were subdivided into three groups:
mice that underwent one experience trial and 24 h thereafter one recall
trial in the compartmented arena (Same Arena group), mice that under-
went one experience trial in the compartmented arena and one recall trial
in the open arena (Different Arena group), and mice that underwent one
experience and recall trial in the compartmented arena without the pres-
ence of any female (No Female group). All trials lasted 20 min. Urine
markings were collected on Whatman filter paper grade 4 that had been
placed on the ground of the arena during the trials and counted under
UV light by an experienced observer blind to the grouping.

Experiment 3. Before starting the experiment, C57BL/6J male mice
underwent a social defeat protocol to develop submissive behavior to-
ward an aggressive CD-1 male mouse. C57BL/6J male mice were intro-
duced into the cage of a singly housed CD-1 male mouse for 30 min twice
a day for 4 consecutive days. During each confrontation, the resident
CD-1 mouse promptly and continuously attacked the C57BL/6J intruder
mouse. Each C57BL/6J mouse was always exposed to the same CD-1

mouse, which was also used as social stimulus during the experience
trials. Only C57BL/6J mice that displayed typical submissive behavior
(e.g., fleeing and upward posture) were tested. Two days after the last
confrontation with the aggressive mice, C57BL/6J mice underwent the
first of four 20 min experience trials in the compartmented arena (see Fig.
3A). During Trials 1 and 3, a female mouse was placed inside a beaker in
one corner of the maze (Female Experience Trial), whereas during Trials
2 and 4, a dominant CD-1 male was placed in the beaker at the same
corner (Dominant Male Experience Trial; see Fig. 3A). C57BL/6J mice
were subdivided into two groups to counterbalance the time of the day
they experienced either the female or dominant male. One group (Fe-
male Early Dark) underwent the Female Experience Trials 1 and 3 2– 4 h
after the light offset, and the Dominant Male Experience Trials 2 and 4
2– 4 h before light onset in the vivarium. Another group (Female Late
Dark) performed the Female Experience Trials 1 and 3 2– 4 h before light
onset, and the Dominant Male Experience Trials 2 and 4 2– 4 h after light
offset. The day after Trial 4, two 10 min recall trials were performed in the
morning (Early Dark Recall Trial) and evening (Late Dark Recall Trial),
during which neither a female nor the dominant male were present (see
Fig. 3A).

Learning-induced gene expression. Expression of mRNA for Arc/Arg3.1
induced by learning was analyzed in C57BL/6J mice undergoing a 20 min
experience trial in the compartmented arena (Experience group) and
compared with the Open Field and Female groups that served as control
for Arc/Arg3.1 mRNA expression induced by novelty and female stimu-
lus, respectively. Mice of the Open Field group were placed in an open-
field box (50 � 50 cm and 38 cm high) for 20 min. The apparatus was
circled by dark curtains and was illuminated by white light (65 lux). Mice
in the Female group were placed in a cage (40.5 � 24.5 cm and 15.5 cm
high) with fresh bedding and that was divided into two equal compart-
ments by a wire net going from the top to the floor of the cage. The male
mouse stayed in one of these two compartments for 3 d with food and
water ad libitum. Then, three C57BL/6J adult females were placed in the
adjacent compartment for 20 min. Once the 20 min elapsed, mice from
each group were returned to their home cage in the animal facility for 20
min before being killed for tissue preparation for the quantitative real-
time RT-PCR. Tissue preparation and quantitative real time RT-PCR
were performed as described previously (Meier et al., 2010). The follow-
ing primers, designed with Primer Express version 2.0 (Applied Biosys-
tems), were used: full-length Arc/Arg3.1 (forward 5�-CGG CAT CTG
TTG ACC GAA GT-3�; reverse 5�-GGCACGTAGCCGTCCAAGT-3�);
hypoxanthine guanine phosphoribosyl transferase (forward 5�-GTT
CTT TGC TGA CCT GCT GGA-3�; reverse 5�-TCC CCC GTT GAC TGA
TCA TT-3�); Actin (forward 5�-TCC TGT GGC ATC CAT GAA ACT;
reverse 5�-TTC TGC ATC CTG TCA GCA ATG-3�). Specificity was val-
idated by sequencing the amplified products. Triplicate reactions were
prepared for each sample along with a no-template and a minus-reverse-
transcriptase control. Triplicates were validated when technical error was

Figure 1. Memory of where. Mice display short- and long-term preference for the female location. A, C, Pictures of the compartmented (A) and open (C) arenas. The preference index for the
female’s location (black arrow) versus the other locations (white arrows) was calculated: an index higher than the value that would be expected by mice behaving by chance (0.5 and 0.33 for the
compartmented and open arenas, respectively, depicted by a dashed line in B and D) indicates a preference for the female’s location. B, D, C57BL/6J male mice displayed a preference for the female’s
location in the compartmented (B) and open (D) arenas during the experience (Exp) and recall trials performed 1 (white) and 24 (gray) h after the experience trial. ��p � 0.01, ���p � 0.001
(Wilcoxon signed-rank test) compared with chance level.
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�0.5 threshold cycle (CT). CTs were deter-
mined with SDS 2.0 software (Applied Biosys-
tems) for each sample and normalized using
the mean CT for hypoxanthine phosphorybo-
syl transferase and actin as a reference for over-
all expression level.

Stereotactic anisomycin injection. Under iso-
flurane anesthesia and using standard stereo-
taxic procedures, bilaterally stainless-steel
guide cannulas (24-gauge) were implanted
into the cortex 1.2 mm above the dorsal hip-
pocampus. The following coordinates were
used: (AP) �1.8 mm; (ML) �1.5 mm; (DV)
�1.2 mm, according to Franklin and Paxinos
(1997). The cannulas were fixed on the skull by
means of dental cement (carboxylate cement;
Speiko). The experiment started after a recov-
ery period of 7 d. After a 20 min experience trial
in the compartmented arena, mice received a
bilateral intrahippocampus injection of aniso-
mycin or NaCl immediately after the learning
session. Shortly before injection, anisomycin
(100 �g/�l; Sigma-Aldrich) was dissolved in 1 M HCl diluted in NaCl and
adjusted to a pH of 7.0/7.4 with 1 M NaOH. At the end of the experience
trial, an injection cannula (30-gauge) was connected to a 2 �l Hamilton
syringe via polypropylene tubing and inserted extending 1.2 mm beyond
the end of the guide cannula. Then, anisomycin or NaCl (0.5 �l) were
injected into the hippocampus at a constant flow rate (0.2 �l/min) via a
micropump. After injection was completed, the injection cannula was
left in place for 90 s to allow diffusion. The procedure was then repeated
for the second cannula on the controlateral side. After 24 h, mice under-
went a 20 min recall trial, after which they were immediately decapitated.
Brains were removed and frozen at �20°C. Cannula placements were
determined by serial coronal section (25 �m) stained with cresyl-violet
and only data from properly implanted mice were analyzed.

Behavioral analysis. All trials were video recorded and paths were dig-
italized and analyzed with the software Ethovison (Noldus) as described
previously (Meier et al., 2010). The software used the middle point of the
mouse body to calculate occupancy and distance moved. For experience
and recall trials, the percentage of time spent in a zone (6 cm width)
surrounding the beakers (compartmented arena) or boxes (not compart-
mented arena) was calculated. The zones at the female’s location were
designated as “target,” and the other zones were designated as “control.”
The preference index corresponded to the proportion of time spent in the
target zone relative to the total time spent in target and control zones.

Statistics. Wilcoxon-signed rank test was used to compare the prefer-
ence index during the experience and recall trials against the chance level
(0.5 for the compartmented arena and 0.33 for the open arena). Com-
parisons between groups were performed with the Mann–Whitney’s U
test or the Kruskal–Wallis test followed by the Duncan post hoc test when
appropriate. In Experiment 3, the preference index of the two learning
groups during the two recall trials was analyzed using a mixed two-way
ANOVA for repeated measurements having group (Female Early Dark vs
Female Late Dark) as between-groups factor and time (Early Dark Recall
vs Late Dark Recall) as within-groups factor, followed by Newman–Keuls
post hoc analyses when appropriate. All tests were two-tailed and level of
significance was set at p � 0.05. Data are presented as mean with SEM.

Results
Memory of where (Experiment 1)
Following the assumption that knowing the location of potential
mating partners is extremely adaptive, we tested whether male
mice preferentially spent more time at a location where they had
previously experienced the presence of adult female mice. During
a 20 min experience trial, C57BL/6 male mice were placed in an
arena subdivided into two compartments. A female mouse was
located in a beaker at one corner of one compartment (Fig. 1A).
During the experience trial, all mice spent significantly more time

at the beaker with the female than at the empty beaker (Fig. 1B).
When, 1 or 24 h later, the male mice were placed in the arena
again for a 20 min recall trial, but without the female mouse, they
preferentially stayed in the target zone, i.e., in the location previ-
ously occupied by the female (Fig. 1B). Similar results were ob-
served using a new cohort of C57BL/6J male mice tested in an
open arena in which three female mice were placed behind Plexi-
glas walls at one corner of the arena (Fig. 1C), indicating that the
spatial memory may develop under different environmental con-
ditions. One and 24 h after the experience trial, male mice spent
more time at the box where the female mice were confined com-
pared with the other two boxes in the arena (Fig. 1D). Hence,
mice are capable of learning and remembering the location of
female mice after a single 20 min experience.

Memory of what (Experiment 2)
It was argued that the emergence of a spatial preference during a
recall trial could be expressed based on mere familiarity (Griffiths
et al., 1999; Clayton et al., 2003b). It is indeed accepted that mice
tend to investigate less familiar stimuli or places (Dere et al.,
2007). Specifically, during the recall trial of Experiment 1, famil-
iarity is expected to induce avoidance of the target zone in which
mice spent the majority of time during the experience trial. Nev-
ertheless, we could not exclude that familiarity induced a prefer-
ence for the more familiar stimulus in our paradigm. Therefore,
we quantified a behavioral parameter that, based on what is
known about the biology of this species, could be interpreted as
induced by female mice. Mice mark their territory with small
drops of urine containing pheromones that convey a variety of
social information and affect the reproductive condition of fe-
males (Bronson, 1976; Hurst, 1990). While both male and female
mice mark in response to changes in their familiar environment
(Hurst, 1989), male urine marking is strongly activated in the
presence of conspecifics and in particular females (Reynolds,
1971; Maruniak et al., 1975). In Experiment 2, we tested whether
male mice expressed enhanced urine marking during the recall
trial as indication that they associated the arena with the females.
For this purpose, we used CD-1 male mice that, among the lab-
oratory mouse strains, have well maintained the territorial be-
havioral repertoire of the wild house mouse (Parmigiani et al.,
1999). Similarly to C57BL/6J mice, CD-1 mice exposed to female
mice (Same Arena group; Fig. 2B) spent more time at the females’
location during the experience and recall trials in the compart-

Figure 2. Memory of what. Mice perform urine marking when exposed to the same environment in which they had previously
encountered a female. A, Quantification of urine markings of CD-1 male mice exposed to a female during the experience trial (Same
Arena), not exposed to a female during the experience trial (No Female), or exposed to a female mouse during the experience trial
but placed in a different arena during the recall trial (Different Arena). B, CD-1 male mice preferred the female’s location during the
experience (Exp) trial and during the 24 h recall trial performed in the same arena used during the experience trial. **p � 0.01
(Dunn’s multiple comparisons after Kruskal–Wallis test) compared with the Same Arena group; ��p � 0.01 (Wilcoxon signed-
rank test) compared with chance level (depicted with a dashed line).
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mented arena. Also, CD-1 male mice of the Same Arena group
exhibited increased urine marking during the experience and re-
call trials compared with mice that had been placed in the same
arena without a female mouse (No Female group; Fig. 2A), and
during the recall trial compared with mice that underwent the
recall trial in the open arena (Different Arena group; Fig. 2A).
Thus, during the recall trial, the increased time spent at the fe-
male’s location correlates with greater urine marking behavior,
indicating that after a unique experience, male mice memorize
what (i.e., the female) was where (i.e., at a specific corner in the
arena).

Memory of when (Experiment 3)
To test whether mice remember when a specific experience oc-
curred, we exposed male mice to a protocol in which they had to
associate a specific social stimulus (i.e., a female or a dominant
male) with the time of the day during which they had encoun-
tered it. Specifically, mice underwent experience trials during
which they encountered either a female or a dominant male at the
same location in the arena but at different times of the day.
C57BL/6J male mice underwent four 20 min experience trials in
the compartmented arena: during Trials 1 and 3, a female mouse
was placed inside a beaker in a fixed corner of the maze (Female
Experience Trial), whereas during Trials 2 and 4, a dominant
CD-1 male (by which the C57BL/6J male mice had been previ-
ously defeated) was placed in the same beaker in the same corner
(Dominant Male Experience Trial). The day after Trials 3 and 4,
mice underwent two 10 min recall trials (one in the early and one

in the late hours of the dark phase), during which they showed a
time-dependent preference for the target zone previously occu-
pied by a female mouse or a dominant male: mice spent more
time at the target zone when the recall trial took place at the same
time of day as the Female Experience Trials but not when it was
performed at the same time as the Dominant Male Experience
Trials (Fig. 3B). To test the hypothesis that mice had what–
where–when memories of the dominant male encounters, we
analyzed a behavior that is expected to be enhanced in the pres-
ence of dominant males. Stretched attend posture (SAP) is de-
fined as the elongation of the body into a flat posture, and is
considered to be integral component of the risk assessment rep-
ertoire of defensive behaviors expressed toward social (Grant and
Mackintosh, 1963) and nonsocial (Kaesermann, 1986) anx-
iogenic stimuli. We scored the expression of SAP toward the
target and control beakers during the first 5 min of the experience
and recall trials using the software The Observer (Noldus), as
described previously (Freitag et al., 2003). We found that time
spent in SAP toward the target beaker was enhanced during the
Dominant Male Experience Trials compared with the Female
Experience Trials (Fig. 3C). During the recall trials, mice spent
more time in SAP toward the target beaker at the time of Domi-
nant Male Experience, suggesting that their behavior was based
on a conjunctive what–where–when memory.

Role of the hippocampus
We then monitored whether the expression of mRNA for Arg3.1,
an immediate early gene specifically activated during learning

Figure 3. Memory of when. Mice show a preference for the location previously occupied by a female or dominant male only at the time of the day when they had encountered the female. A, Two
groups of C57BL/6J mice were tested for their ability to recall the time of the day when they encountered either a female or a dominant male mouse (Female Early Dark, n � 14; Female Late Dark,
n � 14). The preference for the location of the female and dominant male was calculated during two recall trials performed in the morning (Early Recall) and in the evening (Late Recall). The mouse
drawn in A indicates the starting position in each trial. B, Preference index, during the recall trials, for the location previously occupied by the female or dominant male. *p � 0.05 (Newman–Keuls
post hoc after two-way ANOVA for repeated measurements); ���p � 0.001 (Wilcoxon signed rank test) compared with chance level of 0.5 (depicted with a dashed line in B). C, Time spent in SAP
toward the beaker containing the female and dominant male (Target, filled bars) and the empty beaker (Control, empty bars) during the female and dominant male experience trials and during the
recall trials performed at time of female and dominant male encounters. Trials at time of female encounters include trials performed in the morning and in the evening with groups Female Early Dark
and Female Late Dark, respectively. Trials at time of dominant male encounters include trials performed in the evening and morning with groups Female Early Dark and Female Late Dark,
respectively. *p � 0.05 and **p � 0.01 (Newman–Keuls post hoc after two-way ANOVA).
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events and required for memory consoli-
dation (Huff et al., 2006), was activated in
the hippocampus 20 min after termina-
tion of the 20 min experience trial. By
means of real-time RT-PCR, we found
that mRNA for Arc/Arg3.1 was upregu-
lated in the hippocampus but not in the
cerebellum of mice undergoing the expe-
rience trial compared with mice exposed
to an open field or to female mice intro-
duced in their home cage (Fig. 4A). To
prove that the hippocampus is not only
activated by the experience trial but that it
is also required for memory consolida-
tion, we performed bilateral stereotactic
injection of the amnesic drug anisomycin
(Squire et al., 1974; Canal et al., 2007;
Sharma et al., 2012) into the CA1 region
of the dorsal hippocampus of mice imme-
diately after they had undergone the expe-
rience trial. Twenty-four hours later, mice
injected with anisomycin did not show
any spatial bias during the recall trial and
spent less time at the female’s location compared with saline-
injected mice (Fig. 4B).

Discussion
Using an ecologically relevant paradigm for spontaneous learn-
ing, we found that mice create episodic-like memories of unique
experiences and that this function requires the hippocampus.
Specifically, we showed that these memories in mice fulfill the
criteria for episodic-like memory and share similarities with hu-
man episodic memory. In fact, the what and where components
of the memory were not retrieved based on familiarity and the
when component was not processed based on how long ago the
event occurred. Importantly, during memory retrieval, the be-
havior of the mice resulted from the use of the conjunctive what–
where–when component of the episodic-like memory.

Throughout our study, we used enhanced occupancy of the
target zone as discriminatory parameter for memory. Because the
expression of a spatial preference may not necessarily mean that
an animal behaves based on what–where memories (Griffiths et
al., 1999; Clayton et al., 2003b), we searched for other behavioral
responses that could be interpreted as induced by the memory of
the social stimulus that had been associated with the target posi-
tion. In Experiment 2, we quantified urine marking behavior
because it has been shown that male mice do more urine marks in
arenas occupied by female conspecifics (Reynolds, 1971; Maru-
niak et al., 1975). As expected, urine marks were enhanced when
a female mouse was present in the arena. During the recall trial,
intense urine marking was displayed only by mice exposed to the
same arena in which they encountered the female. These results
confirm the idea that the spatial preference shown by mice during
the recall trial was based on a conjunction of what–where mem-
ories. Urine marking is strongly inhibited in submissive mice
and in mice that have been defeated by conspecific males (Desjar-
dins et al., 1973). Because mice had been repeatedly defeated by the
dominant males, urine marking could not be used to test the mem-
ory for “what” in Experiment 3. We therefore decided to analyze
SAP—a behavior displayed by male mice during risk assessment
toward aggressive male mice (Grant and Mackintosh, 1963).
During the experience trials, mice did more SAP toward the bea-
ker containing the dominant male mouse. The observation that

during the recall trials SAP was the highest toward the target
beaker at the time of dominant male encounters supports the
hypothesis that mice had a memory of what (the dominant male)
was encountered where (at the target beaker) and when (at a
specific time of the day).

The temporal component is particularly crucial to define
episodic-like memory, and it has been argued that to share qual-
ities similar to human episodic memory, the evaluation of the
temporal information should be based on the absolute time when
an event occurred (Staddon, 1984; Clayton et al., 2003b). Re-
cently, Zhou and Crystal (2009, 2011) reported that rats can pro-
cess at which time of the day an experience occurred, and
proposed that there is a qualitative similarity between episodic-
like memory in rats and human episodic memory. In the present
study, during the probe trials, the behavior of the mice differed
depending on the time of the day at which the trial was done. The
“when” information could not be retrieved based on the last
experience or the elapsed time since the mouse encountered a
female or a dominant male. Thus, mice are capable of processing
temporal information based on when a certain experience
occurred, at least in terms of time during the day. This is an
interesting result because presently available paradigms for
episodic-like memory in mice require that the subject identifies
the least recently visited place, so it was not possible to define how
mice process the temporal component of their memories (Dere et
al., 2005).

Clayton and colleagues (2003a) argued that recollecting what
happened where and when is not sufficient to confirm the spe-
cies’ capability of creating episodic-like memories. They propose
that two further criteria should be fulfilled: the what–where–
when content should form an integrated representation, and the
memory should involve the flexible use of information. The fact
that the memories of two different experiences share the same
where component (the female and the dominant male were lo-
cated in the same corner) but evoke different behaviors indicates
that the memories correspond to two separate representations
integrating the what–where–when components, therefore fulfill-
ing this specific criterion for episodic-like memory. Based on the
present data, we cannot definitely say whether mice can make
flexible use of their memories, as was shown in scrub jays (Clay-

Figure 4. Involvement of the dorsal hippocampus. A, Expression of mRNA for Arc/Arg3.1 in cerebellum (Cereb.) and hippocam-
pus (Hipp.) of C57BL/6J mice undergoing an experience trial in the compartmented arena (Experience), an open field (Open Field),
or exposed to female mice introduced into a compartment of their home cages (Female). For each brain region, values are
expressed as percentage of the Open Field group. *p � 0.05; **p � 0.01 (Dunn’s multiple comparisons after Kruskal–Wallis test)
compared with the Experience group. The first and second values for n indicate the number of mice used for the hippocampus and
cerebellum, respectively. B, Mice injected with vehicle (NaCl) but not those injected with anisomycin display a preference for the
female’s location during the recall trial. *p � 0.05 (Mann–Whitney U test); ��p � 0.01 (Wilcoxon signed-rank test) compared
with chance level of 0.5 (depicted with a dashed line).
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ton et al., 2003b). However, the fact that memories are spontane-
ously created with neither immediate nor foreseeable advantage
for the animal suggests that mice constantly grab relevant infor-
mation from the environment that will eventually be used in a
flexible way in the future, allowing proper context-dependent
behavioral responses.

It has been shown that the hippocampus is required for epi-
sodic memories in humans (Nadel et al., 2000) and in spatial
learning and memory in mice (Burgess et al., 2002). Conse-
quently, it is plausible that the hippocampus is involved in the
one-trial acquisition and memory consolidation of the female’s
location in the present paradigm. To test this hypothesis, we
monitored whether the experience trial resulted in activation of
mRNA for Arc/Arg3.1 expression, an immediate early gene spe-
cifically activated during learning events and required for mem-
ory consolidation (Huff et al., 2006). We found that mRNA for
Arc/Arg3.1 was upregulated in the hippocampus, but not in the
cerebellum, of mice undergoing the experience trial when com-
pared with mice exposed to either an open field or to female mice
introduced in their home cage. Also, mice injected with anisomy-
cin into the hippocampus after the experience trial did not show
any spatial bias during the recall trial and spent less time at the
females’ positions compared with saline-injected mice. Regard-
less of the molecular and cellular mechanisms by which amnesia
was induced (Squire et al., 1974; Canal et al., 2007; Sharma et al.,
2012), because of the specific action of anisomycin at the site of
stereotactic injection, it can be stated that the dorsal hippocam-
pus plays a pivotal role during the processing and consolidation
of relational and contextual representations in rodents.

In conclusion, the present observations indicate that mice
spontaneously generate what–where–when representations of
single events and encourage the use of this species for the inves-
tigation of neuronal and cellular processes underlying episodic
memory in humans and its degeneration in neurological and
neuropsychiatric disorders. The strength of our study is the
straightforward interpretation of the results that was possible
thanks to the fact that the behavioral paradigm and analysis were
designed taking in consideration the biology of the mouse. More-
over, the fact that learning occurs spontaneously (i.e., in the ab-
sence of punishments or rewards) within one trial and with the
absence of anxiogenic or stressful stimuli, makes this paradigm a
valuable alternative to commonly used tests for cognition in
rodents.
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