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BELOTTI, M. AND D. GALEY. Consequences of selective blockade of septal noradrenergic afferents on anxiety and
spatial working memory performance in mice. PHARMACOL BIOCHEM BEHAV 53(3) 541-547, 1996, — This experiment
was designed to investigate the role of septal noradrenergic (NA) afferents in the control of anxiety and spatial working
memory. To this end, C57B1/6 mice were infused bilaterally into the lateral septal nuclei with 500 ng/0.2 ul of BE 2254, a
selective al postsynaptic adrenoceptor antagonist. The consequences of this reversible treatment were evaluated 20 min later
on the anxiety level measured in an elevated plus-maze and on spatial working memory, evaluated under four different
conditions via the learning of a delayed nonmatching to place (DNMTP) rule achieved in an eight-arm radial maze. In these
conditions, the BE 2254, as well as the saline-injected control group, showed an elevation of the anxiety level that may be the
indirect expression of a nonspecific septal dysfunction induced by the vehicle injection rather than the normal behavioral
response produced by the decrease of septal NA activity. This septal dysfunction also impaired spatial working memory but
only when mnesic difficulty of the task is increased, suggesting that this impairment expresses a general memory deficit rather
than a working memory deficit per se. A lack of spatial working memory deficits in BE 2254 or saline-injected animals was
also observed in two other conditions of the behavioral protocol. However, when treatments were applied before the first
exposure of animals to the radial maze (exploration session), only the group which received BE 2254 was impaired during the
acquisition session for the rule performed 24 h later. This delayed perturbation seems to be linked, at this stage of the learning
procedure, to the lack of NA-dependent processes taking place during the exploration session. Taken together, these data
suggest that septal NA mechanisms are more essential at initial stage of this learning, when animals process new features of
the situation, than during the expression of spatial working memory per se.
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NUMEROUS studies have implicated the hippocampus and
the septo-hippocampal cholinergic (ACh) system in distinct
functions, such as the encoding and use of spatial information
(29,35), working (14,15,30,39), and/or spatial working mem-
ory (2,22,23) and the production of internal inhibition
(3,10,11). On the other hand, based on an extensive review of
litterature and experimental data, it has been postulated that
septo-hippocampal ACh activation underlies anxiety (18,19).
The activity of septal ACh neurons is transsynaptically modu-
lated, directly or indirectly, by numerous transmitter systems.
These afferents, which originate from hypothalamic and brain
stem structures, participate in the regulation of emotional,
motivational, and attentional processes that are important
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factors for learning and memory functions (9,21). For exam-
ple, noradrenaline (NA), via septal ol receptors, may exert a
phasically active control on ACh neurons (5,24).

Many theories have implicated brain NA, especially in lo-
cus coeruleus neurons, as being important in learning or in
processes such as attention or emotion that contribute to it
(6,17,26,31). This conception is consistent with a number of
reports suggesting that suppression of NA function impairs
the ability of mammalian organisms to respond effectively to
challenging situations (16,40).

In this context, studies conducted in our laboratory have
attempted to investigate the role of septal NA operations in
spatial working memory, which is characterized by the pro-
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cessing of trial dependent information by experimental ani-
mals (1,14,20,30,33). Moreover, there is also evidence that
NA and ACh interact in influencing learning and memory
(8). Consequently, it seems reasonable to postulate that spat-
ial working memory is dependent on septal NA/ACh interac-
tions (25).

As part of a continuing program designed to investigate the
role of this interaction in the relationship betveen anxiety and
memory, we have infused, into the septal region of mice, a
selective ol postsynaptic adrenoceptor antagonist (BE 2254),
to block the effects of NA activation, during behavioral test-
ing. The consequences of this reversible treatment were evalu-
ated on the anxiety level and on spatial working memory per-
formance, investigated in four different conditions via the
learning of a delayed nonmatching to place (DNMTP) rule
carried out in an eight-arm radial maze.

METHOD
Animals

Male mice of the inbred strain C57Bl/6 Jico obtained from
IFFA-CREDO, Lyon, France, were used. Upon arrival in the
laboratory, at the age of 8 weeks, they were housed collec-
tively with ad lib food and water access, in a constant tempera-
ture room (22°C), maintained on a 12 L : 12 D cycle. At the
age of 12-16 weeks they were individually housed in the same
conditions for 1 week before operation. All experiences were
carried out during the light cycle. At this stage, animals were
14-18 weeks old and weighed about 28-30 g.

Surgery

One group of animals (n = 50) was allocated to the intact
control condition, whereas the others (n = 113) received, un-
der anaesthesia (sodium thiopental 70 mg/kg IP), the implan-
tation of two guide-cannulae (8 mm long, o.d. 0.46 mm, i.d.
0.255 mm). The tips of the guide-cannulae were vertically po-
sitioned 1.30 mm from each lateral septal (LS) nuclei to mini-
mize damage to this area and to structures located above (cf.
histological data, Fig. 7). The stereotaxic coordinates used
were the following: anteroposterior refering to biegma: AP =
+0.90 mm, lateral refering to sagittal line: L = +0.40 mm
and vertically below the skull surface: V = +2.10 mm. The
two guides were fixed to the skull bone by three screws covered
with dental cement. Following operation the animals were re-
placed in the animal room for a recovery period of ten days
before the experiments began.

Intraseptal Injection Procedure

The «l adrenoceptor antagonist BE 2254 (Beiersdorf-Lilly
GmbH, Hambourg, Germany) was dissolved in a 0.9% physi-
ological saline solution and injected at the dose of 500 ng in
0.2 pl (n = 62). This dose of BE 2254 was choosen on the
basis of its inhibitory effect on the hippocampal cholinergic
activation observed when animals were introduced in an eight-
arm radial maze (24). Bilateral intraseptal injections were car-
ried out 20 min before each testing situation in freely moving
mice through two injection needles (9.3 mm long, o.d. 0.23
mm), which were inserted into each guide-cannulae and which
protruded 1.30 mm beyond the tip of the guides. Each injec-
tion (0.2 ul) was delivered simultaneously and in a constant
manner over a 3-min period, via a 2 ul Hamilton syringe con-
nected by polyethylene tubing. The needles were retained in
the guides for an additional 3-min period before removal, to
ensure the diffusion. Animals of the saline group (n = 51)
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received, under identical conditions, injections of the drug
vehicle only.

Behavioral studies

Anxiety. The anxiety level was measured by the compari-
son of exploratory activities measured in two tasks with differ-
ent anxiogenic potential.

The elevated-plus maze constitutes a strong anxiogenic en-
vironment. This test of anxiety is based on the strength of
antagonism between exploratory tendencies and the avoidance
of novel open spaces by animals.

The maze, situated in a quiet room with many extramaze
cues, is a gray plus-shaped Plexiglas maze. This apparatus is
elevated to a height of 55 cm and consists of two open arms
(30 x 7 cm) and two enclosed arms (30 X 7 x 17 cm). Each
arm extends from a central platform (7 X 7 c¢cm), which is
illuminated by a light bulb providing a 100 Ix intensity. Behav-
ioral data were collected by an observer who sat quietly behind
a folding screen.

After a 10-day postoperative recovery, the experimental
phase began. The mice of the three groups (control, saline,
and BE 2254) were handled every day for 4 consecutive days.
On the fifth day, the test involved placing each mouse into a
mobile cylinder located on the platform of the maze for 10 s,
and then, following withdrawal of the cylinder, allowing it to
explore freely the apparatus for a period of 8 min. The follow-
ing parameters were considered as constituting the anxiety
index: a) the number of entries into the open arms divided by
the total number of arm entries (activity ratio); b) the time
spent on the open arms divided by the time spent on both the
open and closed arms (time ratio). A mouse was considered to
have entered an arm when all four paws had crossed into the
arm. The maze was cleaned after each mouse was tested.

Immediately after the plus-maze test, each mouse was
placed onto the four-hole board. This partially enclosed and
weakly illuminated (15 Ix) apparatus, situated in a separate
quiet room, constitutes a less anxiogenic condition. The floor
(40 x 40 x 30 cm) of this black Plexiglas box has four holes,
3 cm in diameter, and equally spaced. Infrared photocells,
directly beneath each hole, provide automatic measures of the
number of head dips and time spent head dipping. In addition,
four pairs of photocells mounted in the walls of the box pro-
vide automated measures of the level of locomotor activity.

Animals were allowed to freely explore the four-hole board
during a 6-min period. Three parameters were recorded: a) the
number of head dips through the holes, b) the total time of
head dipping, and c¢) the number of exchanges between the
four holes.

This test enabled to verify that the drug did not alter the
normal exploratory ability of animals. The protocol used for
the anxiety measure is summarized in Fig. 1.

Spatial working memory investigation. Spatial working
memory performance was measured in an eight-arm radial
maze in different conditions, via the acquisition and retention
of a DNMTP rule.

The automated eight-arm radial maze, constructed of gray
Plexiglas, 130 cm in diameter, is located in a room (3 X 3 m)
decorated with various pictures and objects to facilitate spatial
orientation. The arms (50 x 11 cm) radiate in a symmetrical
manner from a circular platform (30 cm in diameter). A food
tray is located at the end of each arm, at the entrance of which
are situated automatically operated doors. Photobeam cells
enabled the recording of behavioral parameters. The com-
puter program controls the sequence of door opening and
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FIG. 1. Protocol used for the anxiety evaluation. The treatments
were applied 20 min before the test. Exploratory capacities were evalu-
ated immediatly following the anxiety measure proper.

closing, according to the specifications of each particular test.
A closed-circuit video system allows the experimenter to visu-
ally control the test in a neighboring room.

The DNMTP test assesses the animals’ ability to distinguish
a novel stimulus from one made familiar on the basis of a
single presentation. In our experimental conditions, mice are
presented, by a forced visit, to one of the eight arms of the
maze (presentation trial). They are then presented with a
choice between this previously visited arm and a new arm
(choice trial). A correct choice allows the mouse to obtain a
food pellet reward only in the arm that was not previously
presented. Good choice thus presupposes that animals have
remembered the arm previously visited. When this procedure
is applied as series of successive trials, using different arms
of the maze, the protocol selectively tests working memory
performance on the basis of this acquired nonmatching rule.
The difficulty of the test may be increased by simply increas-
ing the delay between presentation and choice. In this case,
the time-dependent decay of the memory leads to a subsequent
reduction in choice accuracy. Alternatively, the time period
between presentation and choice may be occupied by a vari-
able number of others interpolated forced visits to arms. In
this variant, choice accuracy at the discrimination test cumu-
lates both time-dependent decay of the memory trace and in-
terference effects.

Before learning, mice were progressively food-deprived
during 3 days (they received successively 3, 2, and 1 g of daily
food) to reduce their body weights to 85% of normal and to
maintain this level throughout the entire ensuing experimental
period.

Exploration session. On the fourth day, mice were submit-
ted to an exploration session that allowed familiarizing them-
selves with the apparatus and the environmental context. At
the beginning of the session, the eight doors were automati-
cally opened 5 s after the animal had been placed, by the
experimenter, on the platform of the maze. Mice could freely
enter each arm and find one food pellet in each tray. During
this stage, repetition errors, as measured by the choices of
arms already visited (20), and number of trials achieved before
making the first repetition error were recorded as an index of
working memory abilities. The exploration session was termi-
nated when all eight pellets had been collected.

Acquisition of the DNMTP rule. The day following the
exploration session each mouse was presented successively
with two forced visits arms (e.g., arm 1, then arm 4). Immedi-
ately following this, arm 1 and either arm 8 or 2 (one of the
two adjacent arms), were opened simultaneously. A correct

response and a food pellet reward was obtained for the choice
of the previously nonvisited arm. The same procedure was
immediately used for a choice between arm 4 and either arm §
or 3. To avoid any locomotor or position strategy, the place
samples were automatically determined in a quasirandom
manner, with each problem counterbalanced by an opposite
one. Eight trials (16 choices) per day were used with an inter-
trial interval of 1 min. When mice attained the criterion of
80% correct choices over two consecutive days, they were
submitted to the DNMTP testing procedure.

DNMTP testing procedure. In our protocol, mice were
tested with problems of two levels of difficulty corresponding
to one (DNMTP rule) or three intercalated forced arm visits
between presentation and the choice. Each daily session was
composed of a total of 12 different trials (4 for the rule and 8
for 3 intercalated visits). DNMTP testing was continued until
the mice achieved a minimum criterion of 75% correct choices
for the 3 interposed visits condition during two consecutive
days.

Thus, these three different stages of the experimental pro-
cedure allowed the animals to express their spatial working
memory in four different conditions: a) a free condition dur-
ing the exploration session, when animals collected the eight
pellets, by avoiding to return into an arm already visited (repe-
tition error); b) during acquisition phase of the DNMTP rule
in which forced arm choices constrain the animals not to em-
ploy strategy other than one based on the use of extramaze
spatial cues for solving the task; c) during the DNMTP testing
procedure also using forced conditions, in which the protocol
enabled an evaluation of spatial working memory during the
application phase for the rule; and d) during the introduction
of trials using three intercalated arms that enabled an evalua-
tion of the consequences of increasing the mnesic difficulty of
the test.

Consequently, the effects of NA blockade were evaluated
on these separate forms of working memory expressions. For
this reason, treatments were administered in three different
groups of mice, either the first day of DNMTP testing proce-
dure (protocol A) for the first experiment realized, or the first
day of rule learning (protocol B) for the second experiment,
or the day of exploration session (protocol C) for the third
one. In all cases, treatments were applied 20 min before the
test. The general protocol used for the working memory study
is presented in Fig. 2.

Histology

At the conclusion of the behavioral testing, animals re-
ceived an overdose of chloroform. They were sacrified by
decapitation and heads with guide-cannuiae were placed in a
formaldehyde solution (10%) during 1 week. Thereafter, the

treatment  treatment

T T

20 min 20 mi 20 mi

g T ey U o - B ——
D1 D2 Dé D7 D10

Exploration Acquisition of the rule 3 items intercalated

FIG. 2. Protocol used for the acquisition and retention of the
DNMTP rule. The treatments were applied at three levels of the proce-
dure (protocols A, B, C) corresponding to four distinct conditions of
expression of the spatial working memory (see the Method section for
further details).
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brains were removed from the skull and placed in a formol-
saccharose solution (30%) for 24 h. Then, brains were frozen
and sectionned frontally using a cryostat. The 80 um sections
were stained with thionine and examined microscopically to
determine the good placement of the cannulae.

RESULTS

Behavioral data from each of the groups of animals were
analyzed initially using a global one-way ANOVA, followed
by post hoc pair-wise comparisons using the Fisher’s protected
least significant difference test.

Anxiety Measure

Elevated plus-maze. In this task, the less elevated are the
ratios (activity and time ratio), the more anxious are the sub-
jects. The mean activity and time ratios for control, saline,
and BE 2254 animal groups are shown in Fig. 3. A one-way
analysis of variance showed a significant effect of treatments
on the time ratio, F(2, 72) = 5.18, p = 0.0078. Post hoc
analysis revealed that both saline- and BE 2254-injected mice
displayed a significant decrease in this measure, as compared
to controls (respectively, p < 0.05, and p < 0.01) without
differing significantly from each other. On the other hand,
there were no significant differences between groups for the
activity ratio, F(2, 72) = 2.03, NS.
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FIG. 3. Top: consequences of intraseptal application of BE 2254
(2 X 500 ng/0.2 ul) and saline on mean (+ SEM) activity ratios (num-
ber of entries in open arms divided by the total number of arms
entries) and time ratios (time spent in open arms divided by the time
spent on open and closed arms). The less elevated are the ratios the
more anxious are the subjects. Bottom: effects of the same treatments
on distincts parameters of exploratory behavior (+ SEM) evaluated in
the four-hole board (*p < 0.05; ***p < 0.01 as compared to control
group).
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FIG. 4. Effects of intraseptal injection of BE 2254 (2 x 500 ng/0.2
rl) and saline on mean number of correct choices ( + SEM) performed
at two different levels of mnesic difficulty: one arm (rule) and three
arms intercalated between presentation and choice trials (**p < 0.02
as compared to control group).

Four-hole board. There were no significant differences be-
tween the three groups for the number of head dips, F(2, 72)
= 0.26, NS, the time of head dips, F(2, 72) = 1.84, NS, or
the number of crossings, F(2, 72) = 3.04, NS, confirming
that the decreased time ratio observed in the elevated plus-
maze is not the result of nonspecific decrease in exploration
abilities, but might traduce an anxiogenic-like effect.

Spatial Working Memory Investigation

For each protocol the results are expressed as the means
of the performance scores observed over the first three daily
sessions of training following treatments.

Protocol A. The results of the DNMTP testing procedure
(Fig. 4) differ, depending on whether we consider rule perfor-
mance or performance when three arms were intercalated be-
tween initial presentation and choice. In the first case, no
effect of either both saline or BE 2254 treatments is observed,
F(2,25) = 1.59, NS. However, on trials including three inter-
calated arms, we observed a memory deficit, which, once
again, concerns both BE 2254 as well as saline-injected ani-
mals, F(2, 25) = 5.17, p = 0.013, but without any statisti-
cally significant between-group difference (p > 0.05).

Protocol B. Figure 5 summarizes the results. Injection of BE
2254 or saline on the first day of rule acquisition did not produce
any significant modification of performance in comparison with
that of the control subjects, F(2, 34) = 0.54, NS.

Thus, the overall resuilts of these two experiments do not
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support the concept that activation of septal a1 NA receptors
modulates spatial working memory stricto sensu.

Protocol C. Results concerning the exploration session,
when treatments were carried out 20 min before the first entry
into the novel environment of the radial maze, are shown in
Table 1. In this situation, no significant difference appeared
between groups whatever the parameter considered, whether
this was the number of trials before making the first repetition
error or the total number of repetition errors, F(2, 20) =
0.59, NS; F(2, 20) = 2.27, NS, successively. These data sug-
gest that there was no deficit in spatial working memory in this
situation when animals were allowed to freely collect pellets in
the radial maze.

However, when animals were subsequently submitted to
the DNMTP acquisition, a significant group effect was ob-
served, F(2, 20) = 29.87, p = 0.0001). Post hoc analysis re-
vealed that the performance scores of BE 2254 animals were
significantly lower than those of both control and saline
groups (p < 0.01).

These results (Fig. 6) suggest that intraseptal blockade of
al NA receptors during the exploration session produces a
delayed effect that appears only when a modification of some
features of the experimental procedure was introduced.

Histological Data (Fig. 7)

This photomicrograph shows the placement of the two can-
nulae into the lateral septal nuclei in a vehicle-injected mouse.
In this selected example, which represents the case of the most
observable alteration induced by the vehicle injection in saline
group animals, an attenuation of staining in the close vicinity
of the cannulae tips can be noted. This alteration restricted to
the injection site attests to a degree of functional perturbation
induced by the vehicle injection.

Rule acquisition
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FIG. 5. Mean number of correct choices ( + SEM) of the three groups
(control, saline, and BE 2254) during the subsequent acquisition of
the rule.

TABLE 1
EXPLORATION
Number of Trials/ Number of
1°Rep. Error Rep. Error
Control 4.2 + 0.5 5.5 x 1.2
Saline 33+ 04 11.8 + 2.9
BE 2254 3.8 + 07 13 + 36

Mean number of arms visited (+SEM) for
the three groups (control, saline, BE 2254) before
making the first repetition error and on number
of repetition errors (+SEM) achieved in the
eight-arm radial maze during the exploration ses-
sion.

DISCUSSION

The aim of this study was to investigate, by using a revers-
ible pharmacological intracerebral approach, the role of NA
mechanisms in the septal region on anxiety and spatial work-
ing memory. In summary, our results show that bilateral infu-
sion of a selective a1 antagonist, BE 2254 (13) into each LS
nucleus induces an increase in the level of anxiety in compari-
son with the control group, when animals were exposed to
an anxiogenic situation (elevated plus-maze). However, this
phenomenon is aiso observable in the saline group animals,
thus suggesting the existence of a nonspecific effect induced
by the drug vehicle injection. This interpretation is supported
by histological analysis showing alterations in the close vicin-
ity of the cannulae tips in both BE 2254- and saline-injected
mice.

These results are, nevertheless in accordance with previous
reports attributing an anxiolytic function to the LS (37,41).
Because GABAergic neurons participate in the regulation of
the septal cholinergic activity (5,12), it is tempting to con-
clude, according to Gray’s hypotheses (18,19), that the in-
crease of anxiety scores we observed, in mice of the BE 2254
and saline groups, could be related to cholinergic activation
induced by the functional perturbation of these GABAergic
neurons by the vehicle injection. However, this interpretation
is not completely supported by neurochemical data that dem-
onstrate an inhibiting influence of BE 2254 on septohippo-
campal cholinergic activation (24).

Another explanation could be that the increase of anxiety
scores was an indirect expression of septal dysfunction. In-
deed, it is known that LS connect directly or indirectly hypo-
thalamic and amygdaloid areas (36), which are both structures
involved in the control and expression of emotion. For exam-
ple, it was demonstrated that septal stimulation inhibited emo-
tional responses elicited by hypothalamic stimulation (38). In
these conditions, the increased anxiety observed in BE 2254
and saline groups could be due to an impairment of septal
control normally exerted on some structures. Whatever the
appropriate interpretation may be, we suggest that this ele-
vated anxiety could be related in a secondary manner to a
dysfunction of the septal region when animals are exposed to
the plus-maze context.

We can compare the effects of both treatments on anxiety
with those obtained using the protocol A during the spatial
working memory investigation. In this situation, where three
arms were intercalated between presentation and choice, a
similar deficit appeared in both saline and BE 2254 groups.
These results suggest that unavoidable neural dysfunction pro-
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FIG. 6. Effect of intraseptal application of BE 2254 (2 x 500 ng/0.2
ul) administered 20 min before the exploration session on mean num-
ber of correct choices (+ SEM) performed 24 h later during the acqui-
sition of the rule (***p < 0.01 as compared to saline group).

duced by vehicle injection induces both an exaggerated anx-
ious response when animals were exploring a new situation,
and an impairment of spatial working memory performance
when the mnesic difficulty of the task is increased. It is possi-
ble that these two phenomena are related to a dysfunction of
the same neural processes. This cognitive impairment could,
thus, explain their increased tendency to avoid open arms in
the elevated plus-maze, which, in this case, is an indication of
an exagerated anxiety level. However, this spatial working
memory deficit does not affect strictly the working memory
component because the subjects are not impaired for the ex-
pression of the DNMTP rule. It, thus, probably reflects a
more general memory disturbance, for example, an increase
in sensitivity to proactive interference or an accelerated rate of
forgetting of spatial information. Likewise, in this situation,
the absence of any difference between saline and BE 2254
animals does not support the view that NA is responsible for
this effect. This interpretation does not agree with previous
reports using the same procedure after intraseptal application
of phenoxybenzamine (25), which conclude that NA is respon-
sible of the spatial working memory deficit observed in these
conditions.

In protocol B, intraseptal injection of BE 2254 did not
perturb the acquisition of the rule. This result, compared with
those of protocol A, seems to suggest that septal NA processes
are not essential for spatial working memory. This conclusion
is in agreement with reports that have shown that NA deple-
tion does not alter radial arm maze performance (4,7,34).
Moreover, animals were able to perform correctly in the situa-
tion of protocol B in spite of the probable septal dysfunction
induced by the vehicle injection.

However, when the treatments were applied before the ex-
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ploration session (protocol C), two kinds of results were ob-
served. First, the spatial working memory of saline; and BE
2254-treated animals was not significantly affected during the
exploration session when the animals were under the influence
of the treatments. This result is also consistent with data from
protocol A and B. Thus, it appears that a septal dysfunction,
induced by vehicle injection, becomes manifest only when the
mnesic difficulty of the task is increased. Second, the BE 2254
group exhibited a subsequent impairment in the acquisition of
the DNMTP rule. An explanation of this delayed action of BE
2254 is offered by numerous reports that have implicated NA,
especially in locus coeruleus neurons, as being important in
learning, through processes such as attention or emotion
(6,17,26,31). Moreover, it has been argued that the septohip-
pocampal system and its NA afferents, belong to a behavioral
inhibition system, which mediates increasing attention to envi-
ronmental features depending on the degree of novelty inher-
ent to the situation (19). In this condition, one can suppose
that the blockade of septal NA operations provokes an impair-
ment of attentional processes. This attentional function,
which involves the participation of the NA system, is impor-
tant in the course of the exploration session. Indeed, at this
moment, animals express their working memory through the
free exploration of the radial maze (30). During this time,
normal animals process extramaze cues (27-29), whereas BE
2254-treated animals, because of their supposed attentional
impairment, have probably some difficulty for this operation.

According to O’Keefe and Nadel’s theory (1978), the result
of hippocampal processing cues of the environment is to form
a cognitive map of the experimental context. Consequently,
the deficit of BE 2254 animals during the learning of the
DNMTP rule might express a lack of this prior environment-
based knowledge. Because the deficit appeared only during a
complex learning task, the lack of a cognitive-contextual map
might manifest itself only when the subject was required to
perform under cognitive increased load.

Finally, our results seem to suggest that NA/ACh interac-

FIG. 7. Photomicrograph of thionin stained section of the brain
showing a typical cannulae placement in lateral septal nuclei in a
vehicle-injected mice. Note, in this selected example, the attenuation
of staining in a limited area surrounding the cannulae tips. Abbrevia-
tions: CC, corpus callosum; GC, guide-cannulae track; LS, lateral
septal nucleus.
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tions taking place in the septal region (5,32) do not have the
same functional importance at all stages of the DNMTP task.
Because septohippocampal cholinergic activity plays a crucial
role in the spatial working memory (2,22,23), this also suggest
a successive involvement of these different transmitter systems
throughout the learning procedure we have used. In conclu-
sion, the nonspecific increase of anxiety level, induced by vehi-
cle injection, leads us to suggest that this phenomenon wouid
be an indirect expression of abnormal septal functioning. Our
results also suggest that septal NA activation is more essential

at the initial stages of this learning, when animals process new
features of the environment according to O’Keefe and Nadel’s
cognitive mapping theory.
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