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Rats were submitted to object and spatial recognition tests (both based on the same paradigm) and to the radial-arm maze. The results are
as follows: (1) rats could discriminate between a new and a familiar object when the retention delay was 1 min, 15 min or 60 min but not 24 h.
The relationship between the level of discrimination and intertrial delays is quadratic with a maximum for 15 min. (2) Exposure 1o distractive
stimuli during the retention delay may impair object recognition. (3) Rats discriminated between a new and a familiar space. (4) There is no
correlation between the three tests which argues for a multiple form of working memory, especially a spatial and a non-spatial one. (5) Medial
septal lesion did not impair object and spatial recognition memory, but the level of discrimination in the spatial recognition test was significantly

reduced compared to that of control.

INTRODUCTION

Analysis of amnesic syndromes put forward two
types of memories with different susceptibilities to brain
pathology or ageing. The first type is the memory of
skills or rules (knowing how) and is spared while the
sccond, the memory of data and events (knowing that),
is disturbed. There is no general agreement between
authors on the definition of these two kinds of memo-
ries. Depending on the authors, the type I (spared) is
the semantic, the procedural or the reference memory
and the type II (disturbed) is the episodic, the declar-
ative or the working memory*7-?*-*14550 Qnly the
working memory is satisfactorily reproduced in tests
used for animals. Most tests are based on the match-
ing to sample procedure'®, the trial-unique non-
matching to sample version is the most popular test
presently used in monkeys for the experimental study
of amnesic syndromes?’.

However, this test is not purely one-trial since it in-
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volves the learning of a rule (matching or non-matching
to sample) through the repetition of stimulus or re-
sponse reward associations. Alterations of perfor-
mances by drugs or brain lesions may be shown either
by effects on the one-trial component or on the learn-
ing of a rule, or even both.

A first rat version of the delayed non-matching to
sample task' suffered from the same drawbacks; in this
respect it was not better than the delayed reinforced
alternation or the radial maze, the most popular work-
ing memory tests in the rat.

In a previous paper® we described another rat ver-
sion of the Mishkin and Delacour test which is really
a ‘pure’ working memory task: for it does not involve
at all the learning of a rule, since it is based entirely on
the spontaneous exploratory behavior of rats toward
objects. This factor is of great importance if we con-
sider that the critical factor in the pathology of memory
is repetition. Memory of a unique event is known to be
more vulnerable than that based on the repetition of
some conditions, such as the associations of stimulus
or responses to a reinforcer. Moreover, the fact of not
being based on primary positive or negative reinforcers
such as electric shocks or food has another advantage.
Compared to most other models, in our test the arousal
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and motivational states of animals are much more sim-
ilar to those under which the human memory is usually
measured.

This test has proved to be sensitive to various phar-
macological and neurological treatments®!°!2, The
purpose of the experiments reported here was to further
its behavioral analysis on four points: (1) the relation-
ship between object recognition and the duration of the
retention delay; (2) the effect of distractive stimuli dur-
ing the retention delay; (3) the relationships between
object recognition, spatial recognition (both based on
the same procedure) and the radial maze learning., The
distinction between spatial vs. non-spatial components
seems to be crucial for the description of normal as well
as disturbed memory?=!316:21.35-37.39 a4 (4) the sen-
sitivity of spatial vs. non-spatial recognition memory to
the effect of medial septal lesion in rats. This latter point
is raised by some reports on the effect of the lesion of
the septo-hippocampal system or ageing on both me-
mory fOfis’12’13'16'38’40’47.

EXPERIMENT 1
Methods

Subjects

Forty-one male Wistar rats weighing 200-250 g each
were used. They were housed in individual cages and
maintained on a 12-12h light/dark cycle (07.00-
19.00 h). Ambient temperature was 23 °C + 1. During
the entire experiment they had free access to food and
water.

Apparatus

The apparatus was an open box made of wood
65 x 45 x 45 cm (height). The objects to be discrimi-
nated were made of glass, plastic or metal and existed
in duplicate. Their weight was such that they could not
be displaced by rats. The apparatus was placed in a
sound-isolated room where the sound-insulation was
aided by a masking-white noise of 70 dB above the
human threshold. A light bulb fastened in
the upper part of the room provided a constant illumi-
nation of about 40 lux at the level of the test appara-
tus.

Behavioural testing -

The methods are fully explained in a previous paper”®.
They may be summarized as follows: all rats were sub-
mitted to two habituation sessions where they were
allowed 3 min to explore the apparatus. Twenty-four h

later, testing began. This experiment comprised ten ses-

sions of 5 different intertrial conditions separated by
48 h each: 2 sessions with 1-min, 15-min, 60-min and
24-h intertrial delays and 2 sessions where distractive
stimuli were introduced during a 15-min intertrial delay.
Each session was made of two trials. In the first trial
(T1), rats were exposed to two identical objects which
constituted samples Al and A2. In the second trial
(T2), the rats were exposed again to two objects, one
of the samples which was then the familiar object A and
a new object B. In each trial, each object was placed
in one of the back corners of the box. The object A
presented during T2 was a duplicate of the sample
presented in T1 in order to avoid olfactory trails. From
rat to rat, the role (sample or new object) as well as the
position of the two objects were counterbalanced and
randomly permuted during T2. A different pair of ob-
jects was used for each session. Let’s call O and O2,
the two objects of each pair. For half of the rats, O was
the sample A and O2 the new object B. For the other
half, the role of OI and 02 was inversed. These pre-
cautions were taken in order to reduce object and place
preference effects. It should be stressed that the objects
apparently had no natural significance for rats; they
had never been associated with a reinforcement. The
duration of T1 and T2 was of 3 min.

The rats were submitted in a counterbalanced se-
quence to each delay condition. In each condition, rats
remained in their cages in the testing room until they
completed the second trial except for the 24-h delay: in
this case they were returned to the animal room. In the
distractive stimuli condition, rats were placed in a new
environment for a 15-min intertrial delay; in this new
environment, they were allowed to explore a new object
which differed from A and B by the fact that it could
be moved by rats.

Measurements and statistical treatments

The basic measure was the time spent by rats in
exploring objects during T1 and during T2. Exploration
of an object was defined as follows: directing the nose
to the object at a distance <2 cm and/or touching it
with the nose; turning around or sitting on the object
was not considered as exploratory behavior.

Let’s call al and a2 the time spent in exploring the
two identical samples in T1; and @ and b the time spent
in T2 in exploring respectively the sample and the new
object. From these basic measures, the following var-
iables were considered: el, e2, h, d (see Table 1).

el and e2 measure the total exploration of both ob-
jects during T1 and T2 respectively, 1 may be consid-
ered as a measure of habituation of the exploratory
behavior; d as a mnesic measure reflecting the discrim-
ination between the new and the familiar object.



TABLE 1
Index of the different measures involved in the object recognition test

el is the measurc of the time spent by rats in exploring both samples
(al and a2) in the acquisition trial and e2 is the measure of the time
spent by rats in exploring both objects (a: familiar object, and b: new
object) in the retention trial. A is the measure of global habituation
from trial'l (acquisition trial) to trial 2 (retention trial) and d is the
measure of discrimination between new and familiar objects.

Exploration Habituation Discrimination

.eI=al+a2 h=el ~e2 d=b-a

e2=a+b

Wilcoxon test was used on variables & and d. For
instance, significance of s for a given intertrial delay
condition was tested by comparing the mean value of
el and e2 for the group. Comparisons between differ-
ent experimental conditions were based on Friedman
test and post-hoc comparisons according to Siegel and
Castellan*?, Linear, quadratic and cubic components of
the object recognition—retention delay relationship were
evaluated by trend analysis according to Winer*®. Cor-
relations between different variables within the same
condition were also computed.

Results
Overall exploratory activity

As shown in Fig. 1, el remained stable through ses-
sions. On the contrary, 2 significantly varied accord-
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Fig. 1. Mean value of the total exploration time spent by rats on both

sample objects in trial 1 and on both new and familiar objects in trial

2 of each delay condition. Friedman test on the differences between

the different intertrial delays: * compared to ecach delay condition,

P<0.01; and *® compared to 15- and 60-min deliy conditions,
P=<0.01.
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ing to the intertrial delay (Fs 4, = 66.83, P<0.01). The
level of exploration e2 was higher after 15 min and
60 min delay than after 1 min or after exposure to dis-
tractive stimuli (P<0.01).

Overall habituation (h)

Overall habituation (h) was significant in the 1-min,
24-h and distractive stimuli condition (P <0.01) but not
in the 15-min and 60-min delay conditions. Compari-
sons between intertrial conditions showed (Fig. 2) that
the level of overall habituation was significantly higher
in the 1-min, 24-h and distractive conditions than in the
15-min and 60-min conditions. Tests for trend showed
that the relationship between /1 and the intertrial delays
had significant linear (F| ;50 = 14.69, P<0.01) and qua-
dratic (F) j50=26.14, P<0.01) components.

Object recognition (d) in the different conditions (Fig. 3)

Rats discriminated betiveen the new and the famil-
iar object after 1-min, 15-min and 60-min delay condi-
tions (P<0.01). On the contrary, discrimination scores
were not significant in the 24-h delay and after exposure
to distractive stimuli conditions (P=0.10). Between
condition test revealed that d was significantly inferior
in 24-h delay and distractive stimuli conditions when
compared to the other conditions. Tests for trend
showed that the relationship between 4 and the inter-
trial delays had not only a significant linear
(Fy,120=13.75, P<0.01) but also significant quadratic
(Fy.120=33.37, P<0.01) components.
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Fig. 2. Mean value of the index of habituation % of each delay con-

dition. Fricdman test on the differences between the different inter-

trial delays: * compared to I-min delay condition, P<0.01; ® com-

pared to distractive delay condition, P<0.01; 4 Wilcoxon test on
within delay condition, P<0.01.
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Fig. 3. Mean value of the index of discrimination d of each delay
condition. Friedman test on the differences between the different
intertrial delays: * compared to 1-min, 15-min and 60-min delay con-
ditions, P<0.01; ® Wilcoxon test on within delay condition, P<0.01.

Correlation between variables in each delay condition

Measures of exploration el and e2 were positively
and significantly correlated in 1-min (r = 0.48, P<0.01),
60-min (r=0.36, P<0.02), 24-h (r=0.60, P<0.01) and
distractive stimuli conditions (r= 0.39, P<0.01) but not
in 15-min delay condition. Habituation measure 4 was
correlated with el (r=0.40, P<0.01) and negatively
with e2 (r=0.30, P<0.05) in all conditions. The level
of object recognition d correlated significantly and pos-
itively to the measure of cxploration e/ in 1-min delay
condition (r=0.47, P<0.01) and to e2 in l-min
(r=0.56, P<0.01), 15-min (r=0.63, P<0.01) and 60-
min (r=0.50, P<0.01) delay conditions. It correlated
negatively and significantly to the measure of habitua-
tion / in 15-min (r=0.53, P<0.01), 60-min (r=0.32,
P<0.01) and positively to the distractive stimuli con-
dition (r=0.42, P<0.01).

EXPERIMENT 2
Methods

Subjects
The same rats as in Expt. 1.

Apparatus

The previously described open box in Expt. 1 was
used, but it was divided in 3 compartments of equal
size. The central part constituted the start-box from
which therat could enter either side compartments. The
experiment was conducted in the same experimental
room as Expt. 1. '

Behavioural testing

Forty-eight h after complction of Expt. 1, rats were
submitted to place recognition testing. In T1, only one
compartment was open, on the contrary in T2 rats were
allowed to explore both compartments, that open in T1
(familiar compartment, the equivalent of the sample
object in the object recognition test) and that previously
closed (the new compartment). There were no differ-
ences between the two compartments and no cues. In-
tertrial delay was 15-min long.

Measurements and statistical treatments

The basic measure was the time spent by rats in
exploring either compartments during T1 and during
T2. An exploration episode started each time the head
of the rat crossed the opening between the starting box
and a compartment. From exploration measures, var-
iables el, e2 and d defined as in Expt. 1, were com-
puted. d was submitted to Wilcoxon t-test. The value
scores are presented by means (m) and S.E.M.’s.

Results

Rats spent significantly more time in exploring the
new compartment (m = 84.02 + 2.06) than the familiar
one (54.12 + 1.85). There was no significant correlation
between d and el or e2 measures.

EXPERIMENT 3
Methods

Subjects
The same rats as in Expt. 1.

Apparatus

It consisted in an elevated eight-arm radial-maze
made of 0.5 cm black plexiglass. Each arm (68 x 10 cm)
extended from an octogonnally shaped central hub
(30 cm in diameter). Sidewalls (1.5 cm high) extended
the length of each arm. A small cup (4 cm) was placed
at the end of each arm. The maze was elevated 80 cm
above the floor and placed in a sound attenuated room
with a masking noise of 70 dB above the human thresh-
old. Several large and distinctive objects having a con-
stant location in the room were placed as extramaze
cues.

Habituation

Forty-eight h after completion of Expt. 2, rats were
submitted to three habituation sessions (one per day) in
the radial-maze. Rats were put on the central plateform



and were allowed to explore the entire maze for 10 min.
During this period, rats had free access to food and
water. ’

Training

Rats were given twelve sessions (onc per day).
A session lasted until the rat made eight choices
or 10 min clapsed. The cups at the end of each arm
contained 0.3 ml of water. The experimenter recorded
the order of the eight choices. One hour after the com-
pletion of the session rats were given water for 10—
15 min.

Measurements and statistical testing

Five measures are considered: (1) Mean number of
errors per session (ER): an error was an entrance in a
previously visited arm. (2) Mean number of correct
choices before the first error in each session (ERS).
(3) Mecan number of errors and sessions to criterion
(EC, SC): the acquisition criterion was one error or less
per session during five consecutive sessions. (4) Mea-
sure of sequential response strategy (SRC): SRC con-
sists in choosing successively the immediate neighbour
of the last visited arm in a constant direction: clockwise
or the reverse. SRC may facilitate performances: more-
over, it involves a reference memory (that of the rule
described above) more than a working memory which
makes difficult the interpretation of results. It was mea-
sured as follows: for each choice, from the second to
the 8th, the score was 1 (respectively —1) if the arm
chosen at choice n was the immediate clockwise (re-
spectively —1 counterclockwise) neighbour of that cho-
sen at choice n— 1, otherwise the score was zero. In
spite of some biases, the total score for a session re-
flects the importance of the SRC: absolute scores of 7
reflect a perfect sequential strategy whereas those near

TABLE I
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zero a non-sequential order of choices. (5) Mean time
spent by rats to perform eight choices within each ses-
sion (TIM).

Correlations between these different measures were
computed. The value scores are presented by means
(m) and S.E.M.’s.

Results

The mean values (+ S.E.M.) of the different mea-
sures involved in the radial-maze are as follows: the
mean total number of errors (ER, m = 1.32 + 0.06), the
mean total number of correct choices before first
errors (ERS, m=5.33 + 0.13), the mean total number
of errors (EC, m=9.71+1.05) and sessions (SC,
m=5.63+0.83) to reach criterion; the mean total
number of sequential response choices (SRC,
m = 1.44 + 0.15) and the mean total time spent by rats
in performing 8 choices (TIM, m = 192.53 + 9.69).

Correlation between the different measures involved in
radial-maze

ER, EC, SC are significantly and positively intercor-
related to each other (P<0.01) and ncgatively corre-
lated to ERS (P<0.01) (see Table I1) but the mean time
spent by rats to make 8 choices as well as measures of
SRC do not correlate to any other measures.

Correlations between memory measures of the three tests

As shown in Table II, significant correlations are
mostly between measures from the same tests. The only
three significant intertest correlations (d in 24-h delay
condition with d in place recognition condition, 4 in
distractive condition with total number of correct re-
sponses before first error and with the number of ses-
sion to reach criterion in radial-maze) are difficult to

Correlations between memory measures involved in object or spatial recognition and radial maze tests

Conditions I min 15 min 60 min 24 h Distract Place ER ERS EC
15 min 0.04

60 min 0.37° 0.20

24 h 0.14 -0.05 -0.28

Distract -0.12 -0.15 0.19 0.01

Place -0.01 -0.18 -0.22 0.43° 0.03

ER 0.06 -0.03 -0.04 0.05 0.20 -0.05

ERS 0.12 -0.02 0.13 -0.10 -03s' 0.06 -0.75°

EC 0.01 -0.06 -0.04 0.11 0.30° -0.07 0.94° -0.75°

sC -0.02 -0.02 -0.03 0.11 0.35° -0.01 0.85° -0.73" 0.95°

*P<0.05.
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interpret since from within condition tests object re-
cognition was not significant after 24-h delay or dis-
tractive stimuli.

EXPERIMENT 4
Methods

Subjects
The same rats as in Expt. 1.

Surgeries

All surgery was performed under pentobarbital so-
dium anesthesia. The rats were placed in a stereotaxic
instrument (Horsey-Clark). Lesions were produced
electrolytically by passing a DC cathodic current
(1.0 mA for 20 s) through a 0.14-mm-diameter stainless
steel electrode that was inserted stereotaxically into the
brain. Coordinates for the unilateral lesion were taken
from the atlas of Albe Fessard et al.*> and applied on
medial septal nuclei (MS) for 23 rats (9.0 mm anterior,
0.0 mm lateral to lambda and 6.5 ventral to the skull
surface), the electrode on sham-control rats (n= 18)
was stoped at the corpus callosum level.

Histology

At the completion of the experiments, the lesioned
animals as well as operated control were deeply anaes-
thetized and transcardially perfused with 109, forma-
lin. The brains were removed and stored in formalin for
about § days, then frozen and sectioned at 100 microns.
The level considered was at MS structures for visual-
ising the site of the lesion. After this histological check,
some experimental animals were discarded.

EXPERIMENT 4A
Methods

Apparatus
See Expt. 1.

Behavioural testing

See Expt. 1. Thirty days after surgery, rats were sub-
mitted to one habituation session where they were al-
lowed 3 min to explore the apparatus. Twenty-four h
later, testing began. The rats were submitted in a coun-
terbalanced sequence to each delay condition. In each
test condition, rats were submitted to 2 sessions sepa-
rated by 48 h cach. The duration of T1 and T2 was
3 min each and the delay between them was 15 min and

60 min. In the distractive stimuli condition, rats were
placed in new environment for a 15-min intertrial delay;
in this new environment, they were allowed to explore
a new object which differed from A and B by the fact
that it could be displaced by rats.

Measurements and statistical treatments

(a) Wilcoxon test was performed within each group
on each session for # and d measures and between
sessions for all measures of the same intertrial condi-
tions. When there were no significant differences be-
tween the two sessions of the same intertrial conditions
the data were pooled within each group.

(b) Friedman test was performed within group be-
tween the different intertrial conditions for all measures
and post-hoc comparisons according to Siegel and
Castellan*’.

(¢c) For comparisons between control and medial
septal lesioned rats we used the Mann—Whitney U-test
on measures of the same intertrial conditions.

Results

Histology

The lesions extended ventral to the level of the an-
terior commissure and rostrocaudally to a level anterior
to the postcommissural fornix. All selected rats had
lesions of the medial septal nuclei and the dorsal part
of the vertical arms of the diagonal band. Most rats
evidenced damage to the intermediate portion of the
lateral septal nucleus, the septo-hippocampal nucleus
and the fornix. Three rats were excluded after a histo-
logical examination (see Fig. 4).

Overall exploration

Since performance of rats on el remained stable
throughout sessions their results were pooled. On the
contrary e2 varied significantly according to the inter-
trial delay conditions in control (F; ;5= 6.12, P<0.05)
and in septal (F; 5 =12.18, P<0.01) groups: the level
of exploration e2 was higher after 15 min and 60 min
than after distractive stimuli condition in both groups
(P<0.05). Comparisons between groups on el and e2
measures showed that septal rats explored more than
control in retention trial e2 in each intertrial condition
(P<0.05), see Fig. 5.

Global habituation (h)

Within group tests for each delay. When the delay was
15 min, MS group showed a significant increase of ex-
ploration activity in T2 compared to T1 (P<0.01).
Under intertrial distractive conditions C and MS
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Fig. 4. Representative examples of medial septal Iesions according to the atlas of Paxinos and Watson®*. The cross-hatched areas shows the
maximum extent of the lesions and the filled area shows the common extent.

groups showed a significant decrease of their explor-
atory activity in T2 compared to T1 (P<0.01).

Within group tests of the influence of delays. The level
of habituation was significantly different between inter-
trial conditions in C (F; 5 =8.67, P<0.01) and in MS
(F3,8=19.17, P<0.01) groups: the level of habituation
was significantly higher after the distractive stimuli con-
dition than after 15 min and 60 min (P<0.01).

Between group tests. There were significant differences
between groups when the intertrial delay was 15 min
(P<0.01). (Fig. 6.)

Discrimination between the familiar and the new object (d)
Within group tests for each delay. Rats in each group
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Fig. 5. Mean value of the total exploration time spent on sample

objects in trial 1 (e) and on both new and familiar objects in trial

2(e2) of each delay condition in control and SM groups. * Compared
to control, P<0.01.

spent significantly more time in exploring a new object
than a familiar one when the intertrial conditions was
15 min and 60 min (P<0.01), but not under distractive
conditions.

Within group tests of the influence of delays. The level
of discrimination was significantly different between in-
tertrial conditions in MS group (£ ;5 = 14.40, P<0.01):
the level of discrimination was significantly lower after
distractive stimuli condition than after 15 min delay
(P<0.01).

Between group tests. The level of discrimination d was
higher in MS than in C group when intertrial delay was
15 min (P<0.01) and 60 min (P<0.05) but not after
distractive conditions (P> 0.10).

—°— Control (n=18)

m-em- SM (n=20)

-20

] T
h- 15 min h-60min h- distract

Intertrial delay conditions

Fig. 6. Mean value of the index of habituation 4 of each delay con-
dition in control and SM groups. * Compared to control, P<0.01.
A Wilcoxon test on within delay condition, P<0.01.
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Fig. 7. Mean value of the index of discrimination d of each delay
condition in control and SM groups. * Compared to control, P<0.01.
4 Wilcoxon test on within group and delay condition, P<0.01.

EXPERIMENT 4B
Methods

Subjects
The same rats as in Expt. 1.

Apparatus and behavioural testing
See Expt. 2.

Measurements and statistical treatments

Variables el, e2 and d defined as in Expt. 1 were
computed and submitted to Mann—Whitney U-test for
between group comparisons, and ¢ was submitted to
Wilcoxon test for within group comparison of the time
spent by rats in exploring the familiar and the new
compartments. The value scores are represented by
means (m) and S.E.M.’s.

Results

Overall exploratory activity

The level of exploration el (C, m=74.39+3.37 and -

SM,m=79.15+3.07)and e2 (C,m = 118.06 + 4.03 and
SM, m=129.85 + 4.08) were comparable for the two
groups (P=0.10).

Discrimination between a new and a familiar compartment
Both groups spent more time in exploring the new
compartment than the familiar one (C, T=3, P<0.01;
MS, T =20.5, P<0.01), however the level of discrim-
ination was significantly higher (£<0.05) in C
(m=35.5+5.34) compared to that of MS group
(21.25 +5.38). '

DISCUSSION
Our results give indications on the following points.

The effect of the length of the retention delay and inter-
polated distractive stimuli on object recognition

Rats discriminate between a familiar and a new ob-
ject after a delay of 1 min, 15 min and 60 min but not
after a 24-h delay. Exposure to a distractive stimuli
during the retention delay impaired object recognition.
The relationship between object recognition (as mea-
sured by d) and the retention delay has a significant
quadratic component, with the greatest point for the
15-min delay. Several explanations are possible: the
strength of the ‘trace’ laid by the sample in trial 1 may
evolve according to a non-monotonous function™, but
d more likely reflects the interaction of several factors:
for instance, the strength of the ‘trace’ of the sample in
trial 2, and a retrieval factor such as the level of arousal
in the trial 2. This level, insofar it is measured by e2 —
the total exploration of both objects in trial 2 — was
significantly lower after a 1-min delay than after a 15-
min or 60-min delay (see Results of Expt. 1). A differ-
ence in the level of arousal in trial 2, in the 1-min
condition on one side and the 15-min and 60-min on
the other, is also suggested by the fact that there is a
significant global habituation of the exploration of ob-
jects (h) from T1 and T2 in the 1-min delay but not in
the 15-min and 60-min delay conditions. Moreover in-
tercondition tests showed that / was significantly higher
in 1-min delay than in 15-min and 60-min delays. In this
respect it should be noted that /i was also significant in
two conditions where there was no object recognition:
after 24-h delay or after a distractive stimuli. However
in these cases, the poor memory performance was
probably due either to the ‘trace’ factor (insufficient
strength or alteration by retroactive interference) or to
a retrieval factor such as proactive interference rather
than to a low arousal level.

d does not correlate to el, total exploration during
the acquisition trial, but to e2, total exploration during
the retention trial. The positive and significant correla-
tion of d to €2, is not trivial: it is conceivable that high
(respectively low) scores of total exploration of objects
could be associated to low (respectively high) scores of
discrimination between new and familiar objects.

The possibility of a ‘pure’ spatial working memory test:
Rats made a good performance in the place recog-
nition test based on the same procedure as in object
recognition. Further research will compare place and
object recognition after different intertrial delays and
after distractive stimuli. The apparatus used here does



not permit parametric studies on the spatial discrimi-
nation performance of rats but we are in the way to
present a test which should allow testing rats for more
than onc session in the same condition.

The relationships between measures of spatial vs. non-
spatial working meniory tests in rats

There were no significant correlations between mne-
sic measures from the three tests. The lack of correla-
tions between the object and place recognition, in spite
of the fact that the procedure and the experimental
situation were identical, is a strong argument in favor
of the existence of two forms of working memory in
rats: spatial and non-spatial. Lack of corrclations be-
tween either object or place recognition and the radial
maze is more difficult to interpret — place recognition
and radial maze tests set into play spatial information
— however they differ by several aspects: the amount
of information, probably larger in the radial-maze (8
places or cues) than in the recognition tests (2 places
or 2 objects); the relative weight of distant vs. local
cues, the former being probably more important in the
radial maze; a use of reinforcer and significant refer-
ence memory component in the radial maze, completely
absent in the object and place recognition tests.

The differential effect of septal lesion on measures of spa-
tial vs. non-spatial working memory tests in rats

Rats with lesion of the medial septum discriminated
between new and familiar objects as well as between
new and familiar compartments, but the level of dis-
crimination was significantly lower in septal lesioned
rats compared to control in the spatial recognition test.

In object recognition test septal lesion did not disturb .

discrimination, it even enhanced it, but in the place
recognition test the level of discrimination was reduced.

The results of our experiments suggest that there are
at least two forms of working memory (the spatial and
non-spatial one) but the effect of medial septal lesion on
place recognition is not clear-cut. The hypothesis that
there are two forms of working memory is supported by
a lack of correlation between mnesic measures involved
in object and spatial recognition tests. Many reports
investigating the role of the septo-hippocampal forma-
tion have demonstrated such dissociation, but there is
no general agreements between authors according to
the behavioral tasks and procedure involved. Olton and
Freustle®? and Raffacle and Olton®” suggest that dam-
age of the septo-hippocampal system disrupts the
working memory in radial maze irrespective of the spa-
tial requirements of the test employed, whereas Aggle-
ton and colleagues® emphasize the spatial nature of the
deficit produced by hippocampal damage which did not
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disrupt a non-spatial working memory in a Y-maze. In
agreement with the latter hypothesis it has been re-
ported that lesion of the hippocampus and its connec-
tions impair spatial memory in various tests in rats and
monkeys?!#:23:26:2830.33.35.4648 byt not object, visual,
tactile or olfactory recognition or discrimina-
tion®:17-19:24.25.29.35.41.42 4 q this impairment is reversed
or attenuated by the introduction of cues2-22:25:29:30.40
In experiments conducted in our laboratory'!, we ob-
served that the low doses of scopolamine (0.25 and
0.50 mg/kg i.p.) which disturbed radial maze learning
were without effect on object-recognition memory of
rats. Accordingly, we suggest that the spatial recogni-
tion is more vulnerable than the object recognition be-
cause it is based on a less redundant information: the
various features of the object are probably coded on
more dimensions than a place.

In conclusion, our recognition procedures offer
interesting characteristics for devising experimental
models of amnesia in rats: (1) ‘pure’ measures of
working memory. (2) Sensitivity to retention delay
and distraction which confirm and extend the results
previously reported®. (3) Rather selective and compa-
rable measures of spatial or non-spatial forms of me-
mory. (4) Sensitivity to amnestic or promnesic treat-
ments®19-12,

On all these points our tests seem to compare favour-
ably with those currently used in the field of the neu-
robiology of learning and memory.
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