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Reactions to spatial and nonspatial change in
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supporting the hippocampal dysfunction
hypothesis in the DBA/2 strain
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Mice belonging to the inbred C57BL/6 and DBA/2 strains were repeatedly exposed to a given spa-
tial configuration of five objects contained in an open field. Locomotor activity, habituation of ex-
ploration, and reactivity to the displacement of some objects (spatial change) and to the substitution
of a familiar object by a new one (nonspatial change) were examined. The results show that DBA
mice were more active than C57 mice and that habituation developed more rapidly in the former
strain. DBA mice did not react to spatial change by an increased exploration directed toward the dis-
placed objects, whereas C57 mice showed both an increased interest for these objects and a paral-
lel decreased interest for the nondisplaced ones. Conversely, both strains strongly reacted to non-
spatial change. These results support the hypothesis that DBA mice represent a genetic model of
hippocampal dysfunction. The fact that, in these and other spatial tasks, DBA mice behave as rats
with dorsal lesions of the hippocampus suggests that mice from this strain reproduce more specifi-

cally the dorsal hippocampal syndrome.

Mice of the C57BL/6 (C57) and DBA/2 (DBA) inbred
strains perform differently in spatial tasks, with C57 mice
showing better learning than DBA mice (Ammassari-
Teule & Caprioli, 1985; Crusio, Schwegler, & Lipp, 1987;
Upchurch & Wehner, 1989). Since evidence has accumu-
lated indicating that the hippocampus was primarily in-
volved in the processing of spatial information (see
Barnes, 1988, Eichenbaum, Stewart, & Mortis, 1990, and
O’Keefe & Nadel, 1978, for reviews), much attention has
been devoted to the identification of strain-dependent
neurobiological differences at the hippocampal level that
may subserve these different spatial learning abilities.

Anatomical studies have shown that C57 mice express
a larger density of neurons in the dorsal hippocampus than
do DBA mice (Wimer et al., 1976). The former strain
1s also characterized by a higher number of mossy fiber
terminals in the hippocampal regio inferior (Barber,
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Vaughn, Wimer, & Wimer, 1974) and an elevated activity
of protein kinase C (PKC) in the hippocampus (Wehner,
Sleight, & Upchurch, 1990). This last observation is con-
sistent with data indicating that, in the rat, hippocampal
PKC activity correlates positively with performance in
the Morris water maze (Paylor, Rudy, & Wehner, 1991).
Finally, lesions to the hippocampus produce a mild im-
pairing effect on radial maze performance of DBA mice
relative to the strong effect observed in C57 mice (Rossi-
Arnaud, Fagioli, & Ammassari-Teule, 1991).

The fact that DBA mice are impaired in spatial tasks
and exhibit a number of neurobiological alterations at
hippocampal level has led several authors (Douglas,
1975; Paylor, Baskall, & Wehner, 1993) to consider DBA
mice as a genetic model of hippocampal dysfunction.

It must be underlined, however, that the term spatial
task refers to a variety of situations, each involving a dif-
ferent degree of spatial information processing: from the
mere visually guided orientation to more complex maze
problems requiring the development of efficient trajec-
tories between distinct points to be visited. In the latter
case, the preliminary exploration of the maze has been
shown to enhance spatial learning performance (Ellen,
Parko, Wages, Doherty, & Hermann, 1982; Sutherland,
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Chew, Baker, & Linggard, 1987), thus indicating that
exploration plays a central role in the building up of spa-
tial representations.

In nonassociative tasks, such as in an open field con-
taining objects, exploratory responses are also funda-
mental to estimate the rodents’ abilities to encode spatial
relationships between discrete stimulus. The principle
of these experiments is the following: subjects are re-
peatedly exposed to a given spatial configuration of ob-
jects contained in an open field. After habituation of ex-
ploration has occurred, the spatial arrangement of the
objects is modified. If the animal reacts to the displace-
ment of objects by displaying a renewal of exploratory
activity, it can be assumed that the detection of spatial
novelty relies on a comparison between the current per-
ceived arrangement and a representation or stored “in-
ternal model” of the initial situation.

Several species have been tested using such a proce-
dure: hamsters (Poucet, Chapuis, Durup, & Thinus-
Blanc, 1986; Thinus-Blanc et al., 1987; Thinus-Blanc,
Durup, & Poucet, 1992), mice (Misslin, 1983; Roullet &
Lassalle, 1990), mongolian gerbils (Cheal, 1978; Wilz &
Bolton, 1971), rats (Poucet, 1989), and monkeys (Jou-
bert & Vauclair, 1986; Menzel & Menzel, 1979). All dis-
play renewed exploratory reactions to spatial change,
which provides evidence that the geometric arrangement
of the objects is the spatial parameter preferentially en-
coded during exploration.

Interestingly, animals with hippocampal lesions ap-
pear to be quite unable to detect such discrete topograph-
ical changes (Poucet, 1989; Save, Buhot, Foreman, &
Thinus-Blanc, 1992; Save, Poucet, Foreman, & Buhot,
1992; Xavier, Stein, & Bueno, 1990); however, a non-
spatial change (e.g., replacing a familiar object by a new
one at the same location) still elicits reexploration in le-
sioned as well as in sham-operated animals (Save,
Poucet, et al., 1992).

According to the assumption that DBA mice, as op-
posed to C57 mice, represent a model of “hippocampal
dysfunction,” selective deficits in reacting to the dis-
placement but not to the substitution of objects could be
expected in the former strain. This hypothesis has been
tested by comparing the reactivity of C57 and DBA mice
to spatial and nonspatial change.

METHOD

Subjects

The subjects were 12 C57BL/6 and 12 DBA/2 male mice ob-
tained from the Charles River Co. (Como, Italy). At the beginning
of the experiment, they were approximately 3 months old, and
their weights ranged from 23 to 28 g. They were housed in groups
of 5 in a room with a 12:12-h light:dark cycle (lights on 0700-
1900 h), with food and water freely available.

Apparatus
The apparatus (Figure 1) was a circular open field, 60 cm in di-

ameter, with 20-cm-high walls made of gray plastic material and a
floor painted white and divided into sectors by black lines. The
open field was placed into a soundproof cubicle and surrounded by
a visually uniform environment, except for a conspicuous striped
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pattern, 20 cm wide and 10 cm high (alternating 1.5-cm-wide ver-
tical white and black bars), attached to the wall of the field. The
apparatus was illuminated by a red light (80 W) located on the ceil-
ing. A video camera above the field was connected to a video
recorder and a monitor.

Five objects were simultaneously present in the open field: (A) a
chromium-plated parallelepiped (7 X 4 X 4 cm) with 10 holes ir-
regularly distributed on the sides and the top; (B) a transparent
Plexiglas cylinder (diameter, 8 cm; height, 6 cm); (C) a small lad-
der made of gray plastic material (height, 16 cm; width, 5 cm;
number of steps, 10) inserted on a cylindrical basement (height,
2 cm; diameter, 7 ¢cm); (D) a black Plexigias cylinder (height,
10 cm; diameter, 5 cm) with an edge (height, 2 cm) on the top;
(E) a red-and-white spool (height, 12 ¢cm; diameter of the top and
the basement, 5 cm), with a small electric light bulb fixed on the
top. The initial arrangement was a square with a central object
(B) as schematized in Figure 1. A sixth object (F) was used to
examine the reactivity to nonspatial change. It consisted of two
gray iron regularly pierced squares (10 X 10 cm) forming a 90°
angle.

Behavioral Procedure

The behavioral procedure was that described by Save et al.
(1992). Mice were individually submitted to seven successive 5-
min sessions, each of which was separated by a 3-min delay (dur-
ing which the subjects were returned to their home cage).

During Session 1, the mouse was placed into the empty open field
in order to allow the animal to become familiarized with the appara-
tus and the baseline level of locomotor activity to be measured. Dur-
ing Sessions 2—4, the striped pattern and the objects were placed as
in Figure 1. For Session 5, the configuration was changed by moving
two objects: object B replaced object D, which was itself displaced at
the periphery of the apparatus so that the initial square arrangement
was changed to a polygon-shaped arrangement during the spatial test
sessions (Sessions 5 and 6). For Session 7, one of the familiar objects
(E) was replaced by a new object (F) at the same location.

Data Collection and Analyses

Data collection was performed using video recordings (for details
see Poucet et al., 1986). Two measures were taken into account.
First, locomotor activity was assessed by counting the number of
sectors crossed by the animal while moving in the open field. Sec-
ond, object exploration was evaluated by noting the time spent by
the animal in contact with an object. A contact was defined as the
subject’s snout actually touching an object. In Session 5, the total
time spent by each animal in contact with the two displaced objects
divided by 2 and the total time spent in contact with the three nondis-
placed objects divided by 3 were recorded. Prechange interest (Ses-
sion 4) toward the objects that were to be successively displaced or
nondisplaced was checked in the same fashion. In Session 7, the
time spent by each animal in contact with the single substituted ob-
ject and the total time spent in contact with the four nonsubstituted
objects divided by 4 were recorded. Prechange interest (Session 6)
toward the object that was to be successively substituted and the non-
substituted objects was checked in the same fashion.

In Session | (without objects), locomotor activity scores recorded
in each strain were compared using a ¢ test for independent sam-
ples. From Session 2 to Session 4, the animals explored the same
spatial configuration of objects. Habituation of object exploration
was assessed by comparing the duration of contacts with the ob-
jects during Sessions 2, 3, and 4. A factorial analysis of variance
(ANOVA) was performed on these data with session as a within-
subject factor and strain as a between-subject factor. On Session 5,
the spatial arrangement of the objects was modified. Response to
the spatial change was assessed by comparing pre- and postchange
data (i.e., the mean duration of contacts on Session 4 [the last ses-
sion of habituation]) with the mean duration of contacts on Ses-
sion 5 for each category of objects. A between-within—-within
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Figure 1. Schematic representation of the apparatus and the object configuration over
successive sessions. The open field is initally empty (Session 1), then filled with five ob-
jects forming a particular configuration (Sessions 2—4). In Session 5, objects B and D
are displaced (spatial change). In Session 7, object E is substituted by object F (nonspa-

tial change).

ANOVA was performed on these data, with object category (dis-
placed vs. nondisplaced) and session (S4, S5) as within-subject
factors and strain as a between-subject factor. On Session 7, a fa-
miliar object was replaced by a new object. Response to the new
object was assessed by comparing pre- and postchange data (i.e.,
the mean duration of contacts with the four nonsubstituted ob-
jects) with the mean duration of contacts with the nonsubstituted
object. A factorial ANOVA was performed on these data, with ob-
ject category (new vs. familiar) and session (T6, T7) as within-
subject factors and strain as a between-subject factor.

RESULTS

Locomotor Activity

The locomotor activity scores of the two strains dur-
ing Session | (without objects) are reported in Figure 2.
An unpaired ¢ test performed on the mean number of
crossed lines revealed that DBA mice displayed a higher
level of locomotor activity than did C57 mice [#(22) =
—1.74, p < .05].
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Figure 2. Locomotor activity. Mean number of lines (XSE)
crossed by mice from each strain during 5 min in the empty open
field.

Habituation

Figure 3 represents the time course of exploratory ac-
tivity from Session 2 to Session 4 in each strain. An
ANOVA for repeated measures indicated a significant
effect of session [F(1,22) = 1.197, p <.001] and of the
strain X session interaction [F(2,44) = 4.143, p <.025].
There was no significant effect of the strain factor (p >
.1). Both DBA and C57 mice displayed habituation of
exploratory activity directed toward objects from Ses-
sion 2 to Session 4. However, the results suggest that the
rate of habituation was different according to the strain.
Unpaired ¢ tests aimed at comparing the mean durations
of contacts with the objects in each session revealed that
DBA and C57 mice differed significantly only on Ses-
sion 4 [#(22) = 1.69, p < .005].

Response to Spatial Change.

Figure 4A reports the mean exploration time for dis-
placed and nondisplaced objects in Session 5 minus the
same set of data collected in Session 4. In this histogram,
a positive score indicates an increased interest and a neg-
ative score indicates a decreased interest for each cate-
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Figure 3. Habituation of object exploration. Mean duration (= SE)
of contacts with the five objects during Sessions 2, 3, and 4 in each
strain.
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gory of objects. Table 1 reports the mean exploration time
+SE per object category for each group in Sessions 4
and 5. An ANOVA for repeated measures revealed a sig-
nificant main effect of strain [F(1,22) = 4.54, p < .05],
a significant session X object interaction [F(1,22) =
5.93, p < .05], and a significant strain X object X ses-
sion interaction [F(1,22) = 4.46, p < .05]. A post hoc
Tukey HSD test indicated that, in Session 5, C57 mice
explored the displaced objects more than the nondis-
placed ones (p <.05), whereas, in Session 4, this differ-
ence did not appear. Conversely, DBA mice did not show
any preference for a particular category of objects in ei-
ther Session 4 or Session 5.

Response to Nonspatial Change

Figure 4B reports the mean exploration time for sub-
stituted and nonsubstituted objects in Session 7 minus
the same set of data collected in Session 6. In this his-
togram, a positive score indicates an increased interest
and a negative score indicates a decreased interest for
each category of objects. Table 1 reports the mean ex-
ploration time *SE per object for each group for Ses-
sions 6 and 7. The data are presented graphically in Fig-
ure 4B. The statistical analysis showed a significant
session X object interaction [F(1,22) = 6.46.19, p <
.02]. A post hoc Tukey HSD test indicated that, in Ses-
sion 7, mice from both strains explored the substituted
object more than the nonsubstituted ones (p < .05),
whereas, in Session 6, this difference did not appear.
Simple effects also show that, in Session 7, there was a
significant difference in the mean exploration time ac-
cording to the object category [F(1,22) = 6.12, p <.02].

DISCUSSION

This experiment was carried out to compare locomo-
tor activity, habituation, and reactivity to spatial and non-
spatial change in DBA and C57 mice. According to the
“hippocampal dysfunction” hypothesis, it was expected
that DBA mice but not C57 mice would have been se-
lectively impaired in reacting to spatial change.

The results first show that, in Session 1, DBA mice
explored the empty open field more than did C57 mice.
This result does not agree with previous studies showing
a higher rate of locomotor activity in C57 mice (Rossi-
Arnaud & Ammassari-Teule, 1992; Van Abeelen &
Boersma, 1984; Van Abeelen & Van den Heuvel, 1982).
Differences in testing procedure, however, may account
for this discrepancy since locomotor activity was
recorded for a 5-min period in this experiment instead of
8- or 20-min periods, as in the previous ones. It is likely
that measuring locomotor activity in a new environment
for a short period of time emphasizes the stress compo-
nent of the behavioral response and can prevent the pre-
viously described strain-dependent exploratory tenden-
cies to be observed. Nevertheless, the present results are
consistent with the hypothesis of a hippocampal dys-
function in DBA mice since hippocampal-lesioned ani-
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Figure 4. Reactivity to spatial (A) and to nonspatial (B) change. The histograms represent the differences in mean (*+SFE) time
spent (A) exploring the displaced (DO) and the nondisplaced objects (NDO) between Session 5 and Session 4 or (B) exploring the
substituted object (SO) versus the nonsubstituted objects (NSO) between Session 7 and Session 6.

mals generally display an enhanced locomotor activity
{Douglas & Isaacson, 1964).

From Session 2 to Session 4, object exploration de-
creased in the two groups, indicating that habituation oc-
curred in both strains. The fact that DBA mice habituate
more rapidly than do C57 mice is intriguing since dys-
functions of the hippocampal system have been reported
to delay or suppress the development of habituation
(Gray & McNaughton, 1983). It must be noted, however,
that these reports generally refer to habituation tested in
an empty open field. Indeed, habituation to a configura-
tion of five objects requires that the subjects process in-
formation on both the objects’ features and their geo-
metric arrangement. In the present experiment, the slow
habituation observed in the C57 strain could be due to
the fact that these mice process information on the whole
components of the experimental situation. Conversely,
the rapid habituation of DBA mice may be the result of
a specific processing of information related to the phys-
ical properties (shape contrast, colors, etc.) of the ob-
jects. This hypothesis may explain why DBA mice were
not impaired in reacting to nonspatial change. In fact, in
Session 7, the new object was actively and similarly ex-
plored by mice from the two strains. Interestingly, DBA
mice and rats with dorsal lesions of the hippocampus be-
have in a very similar fashion in this situation: both dis-
play habituation of exploration and react to nonspatial
change (Save, Poucet, et al., 1992; Xavier et al., 1990).

It is worth mentioning that the results of habituation
and reactivity to nonspatia! change also demonstrate that
DBA mice do not have general memory impairments
since these two processes rely on a comparison between
the current situation and a stored representation of the
previous one (Gray, 1984).

Expected strain differences in responding to spatial
change clearly emerged in Session 5. DBA mice did not
react to the displacement of objects, whereas C57 mice
showed both an increased interest for these objects and a
parallel decreased interest for the nondisplaced ones.
This result fully supports our working hypothesis and
confirms the parallelism existing between DBA mice
and rats with dorsal lesions of the hippocampus (Save,
Poucet, et al., 1992). It is interesting to note that C57
mice discriminate better between displaced and nondis-
placed objects than do nonlesioned rats.

Nevertheless, although DBA mice did not show any
preference for a particular category of objects in Ses-
sion 5, they still explored the displaced and nondisplaced
objects at a rate equivalent to that recorded in Session 4.
This result may indicate that a limited perception of
spatial change occurred in that strain, which did not
elicit a renewal of exploration but, merely, a blockade of
habituation.

Taken together, our results demonstrate that DBA
mice are impaired in updating allocentric spatial rela-
tionships. Since this capability, which ensures behav-

Table 1
Mean Exploration Times (in Seconds) and Standard Errors (*) for Displaced Objects (DO) and Nondisplaced Objects (NDO)
in Sessions 4 and 5 and Substituted Objects (SO) and Nonsubstituted Objects (NSO) in Sessions 6 and 7

Spatial Change

Nonspatial Change

Session 4 Session 5 Session 6 Session 7
DO NDO DO NDO SO NSO SO NSO
Strain M SE M SE M SE M SE M SE M SE M SE M SE
Cs7 2496 4.54 305 475 3558 577 1572 217 1125 637 22115 537 2033 375 1601 348
DBA 1754 462 1811 428 1854 473 1731 399 867 617 1248 385 1692 344 1054 3.6l
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ioral flexibility in spatial tasks, requires the normal func-
tioning of the hippocampus—and, particularly, of the
dorsal hippocampus (Moser, Moser, & Andersen, 1993),
which contains more place cells than does the ventral
portion (Poucet, Thinus-Blanc, & Muller, 1994)—the
DBA strain may specifically represent a model of dorsal
hippocampal dysfunction. Indeed, this assumption is
consistent with the finding that DBA mice present a re-
duced density of neurons in the dorsal hippocampus
(Wimer et al., 1976). Nevertheless, the development of
habituation in Sessions 2, 3, and 4, as well as the blockade
of habituation in reacting to spatial change, suggests that
some residual hippocampal function is preserved in that
strain. Additional experiments, aimed at examining the
respective control exerted by the dorsal and the ventral
part of the hippocampus on habituation and reactivity to
objects, are necessary to better characterize the func-
tional properties of the hippocampus in the DBA mouse.
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