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Lateralization of the brain in mammals has made animals more competitive during interaction with
the environment in evolution. This property, first described in the 19th century in man, refers to the
differentially modulation and control of some neuronal circuits of brain hemispheres on determined
behavioural functions. In spite that lateralization has been described in several different animal
species, still there are aspects not fully understood related to behavioural functions or identification
of specific brain circuits involved. In the rat, coping behaviour is quite important for successful sur-
viving; proper behavioural responses and careful analysis of spatial clues of the environment are
needed. However, if lateralization mechanisms in the brain participate in these processes is still not
known. In this work, exploratory lateralized responses and the possible role of the hippocampus
as a probable lateralized structure were investigated. Intact and rats implanted with microinjection
guide cannulae into the hippocampus were tested in three lateralized devices, the T labyrinth (TL),
the multiple compartment labyrinth (MCL), and the double lateral hole-board labyrinth (DHBL). Deci-
sions making to select left or right responses for seeking shelter (the TL), passing through left or
right doors in a compartments in series (the MCL), and exploring left or right walls in a corridor
(the DHBL) were investigated in these two groups of rats. Results show that intact rats presented
lateralized exploratory behaviour with a left-bias in the DHBL but random responses in the other
devices. This left preference observed in the DHBL was manifested in spending more time explor-
ing the left wall of the DHBL than the right one. Hippocampus implanted rats retained the left-bias
exploration in this device. Blocking the neural activity of left, right or both hippocampi with lidocaine
in the implanted rats, the spontaneous left-bias exploration was nullified only when lidocaine was
microinjected into the left hippocampus. Results suggest that the hippocampal structure is function-
ally lateralized for modulating exploration in novel environments emphasizing the hippocampus role
on coping behaviour in the rat.

Keywords: Hippocampus, Lateralized Behaviour, Functional Laterality, Double Lateral Hole-
Board Labyrinth, Multicompartment Labyrinth.

1. INTRODUCTION
Laterality, sometimes referred to as brain functional asym-
metry, is one of the most subtle neural mechanisms found
in the mammalian brain.19 This feature, considered a prop-
erty of the brain, is linked to the existence of parallel
neural circuits in each hemisphere differentially control-
ling specific physiological functions in the organism.29 It
is interesting to point out that the basic concept of lateral-
ity dates back to the 19th century, where 20 years before
Paul Broca published his historical description of the left
hemisphere dominance for speech,10 the French neurolo-
gist Marc Dax emphasized the relationship between lan-
guage and lesions of the left hemisphere,36 giving rise to

∗Author to whom correspondence should be addressed.

the idea of differential functional roles for the same paired
structures in the brain. During the early part of the 20th
century it was believed that this property was exclusively
present in the human being.37 However, evidence from
studies in singing birds put forward that left-right paired
nerves innervating the avian syrinx have different roles in
the control of song production,16�22�23 suggesting strongly
that at least in some animals neural circuits also are lat-
eralized. After that, an impressive amount of reports in
different animal species including tadpoles, frogs, fishes,
dogs, chickens, sheeps, rats, lizards and apes just to men-
tion a few, have supported the concept of brain laterality in
animals.3�9�24�33�37�39 All this evidence put on firm ground
that lateralization is an advantageous mechanism that ani-
mals gained in evolution, thus, offering the possibility to
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study in animal models some features of the complex lat-
eralization mechanisms in man.19

It has been assumed that behavioural lateralization must
depend on the differential activation of determined brain
structures. Since in many cases, the lateralized behaviour
exposed by animals is related to recognition of particu-
lar clues or spatial features of the environment,6�15�25�38

the hippocampus has been considered an interesting model
for investigating the neural mechanisms of lateralized
behavioural expression. In the past 20 years, sufficient
evidence has been accumulated to consider the hip-
pocampal structure a sophisticated neural organization
implicated in memory, spatial recognition and navigation
maps.2�7�18�30�31�35 Furthermore, the existence of special-
ized neurons in the hippocampus and parahippocampal
structures, such as the place cells and head-direction
cells13�21�34 have provided a convenient theoretical back-
ground to explain possible modulation of lateralized
behavioural expression in animals. Regarding the partici-
pation of the hippocampus in laterality, it has been found
that in pigeons, lesioning the left but not the right hip-
pocampus affected seriously the capacity to learn nav-
igational maps.15 This finding suggested that the left
hippocampal circuits are lateralized to modulate homing
behaviour in these birds. In rodents, hippocampal CA1
synapses receiving neuronal input from the right CA3
pyramidal cells are larger and have more post-synaptic
density than those receiving input from the left CA3
cells.32 On the other hand, proteomic analysis of left and
right hippocampi isolated from the rat revealed higher
abundance of metabolic enzymes related to cellular energy
metabolism in the right than in the left hippocampus.28

Furthermore, description about the differential expression
of the NR2B subunits of the NMDA glutamic acid recep-
tor in the mouse hippocampus and persistence of left-right
asymmetry in a particular strain with inverse location of
its internal organs,17 suggest that at the molecular level
the hippocampus appears to have the functional machinery
supporting some lateralized behavioural expressions. Nev-
ertheless, very little is known about specific behavioural
expression and hippocampal activation in the rat. Further-
more, some other important behavioural expressions that
might be lateralized, such as motivated exploration and
coping behaviour, have not been studied in the rat. If these
behavioural patterns depend on hippocampal functions is
currently unknown. Thus, the objectives of this work were
on one hand, to evaluate the existence of spontaneous
exploratory lateralized behaviours, and on the other hand if
these behaviours are modulated by the ventral hippocam-
pus in the rat.

2. MATERIALS AND METHODS
2.1. Animals
Male rats of a Holzman-derived colony, weighing 250–
300 g, 90 days old and maintained in thermoregulated

(22–24 �C) and controlled light conditions (06.00 on-
20.00 h off) were used. Standard rat chow and water were
available ad libitum.

2.2. Implantation Procedures
Animals were anesthetized with a mixture of 3.75 mg/ml
of xylacine and 62.5 mg/ml of ketamine in saline solu-
tion injected i.p. and bilaterally implanted with guide steel
cannulae (23 gauge, 15 mm length) into the right and left
ventral hippocampus (HPC). Stereotaxic coordinates were:
3.3 mm rostro-caudal, 5.0 mm lateral and 4.0 mm vertical.
Bregma was considered the “zero” reference point. After
implantation, rats were given one single shot of penicillin
G in order to avoid any skin infection, caged individually
and allowed to rest for at least 72 h before they were tested
in the behavioural experiments. The following experimen-
tal groups were formed:
(i) Intact animals (n= 21);
(ii) hippocampal implanted rats microinjected with lido-
caine in the left hippocampus (n= 21);
(iii) hippocampal implanted rats microinjected with lido-
caine in the right hippocampus (n= 21);
(iv) hippocampal implanted rats microinjected with
lidocaine in both hippocampi (n= 21), and
(v) hippocampal implanted rats microinjected with saline
in both hippocampi (n= 23).

2.3. Drugs
Lidocaine chlorhydrate 2.0% (AstraZeneca Laboratorios,
Argentina), freshly prepared in saline before the onset of
the experiments, was used. Saline solution was considered
as control.

2.4. Intact Animals
A group of intact animals, rats not subjected to stereotaxic
surgical procedures, were selected for one experiment.
These animals were considered absolute controls. Animals
subjected to stereotaxic surgery, implanted with guide can-
nulae and microinjected with saline solution only, were
considered relative controls.

2.5. Testing Laterality Behaviours
Three devices were used in order to detect spontaneous
lateralized exploratory behaviour in rats. Each one is based
on different principles.

2.5.1. The “T” Labyrinth (TL, Fig. 1)
The TL is made of wood formed by two corridors (hor-
izontal and vertical) disposed 90� each in a “T” shape
(Fig. 1). Walls are 23 cm height and painted white. On
each end of the horizontal corridor is a closed box with
a single entrance representing a shelter to the rat. Each
shelter has 20 cm depth and 12 cm wide. Total length of
the horizontal corridor, including the shelters is 63.5 cm.
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Fig. 1. T labyrinth (TL) schematic diagram. Animals are tested only
once and put in the starting point (bottom in the drawing) at the beginning
of the test. Spontaneous decisions are taken by rats at the end of the TL
selecting the right or the left shelter. Additional details see Materials and
Methods section.

The vertical corridor is 11.5 cm wide and 41 cm length.
In the test, each rat is put in the opposed end of the verti-
cal corridor under a fluorescent lamp illumination giving a
light intensity of about 930 Lux. The avoiding response of
the animal to the light is manifested by seeking refugee. At
the crossing of the vertical and horizontal corridor, rats can
choose to hide in the left or the right shelter. Position of
the head of the animal in a rostro-caudal axis was taken as
the reference direction (egocentric reference). Behavioural
laterality was considered to be present when proportion of
animals choosing the left or right shelter statistically out-
numbers the proportion of animals choosing the opposite.
All animals were exposed to the T Labyrinth only once
in order to avoid habituation or other spatial clues inter-
fering with the spontaneous behavioural selection of the
shelters. Rats were tested individually and the time spent
by animals in the labyrinth during the test was 15–90 sec.
In rare occasions some rats remained in the initial site or
did not choose any shelter during the test. These animals
were discarded and not included in the results.

2.5.2. The Multiple Compartment Labyrinth (MCL,
Fig. 2)

MCL is made of wood and is composed by a rectangular
cage 39 cm wide, 70 cm length and 15 cm height. Inside
there are a set of 4 compartments in series, each one with a
single central entrance and facing a wall with two passing
doors, one located to the left and the other one to the right
of the entering animal (Fig. 2). Separation of the walls
is 12 cm apart. At the beginning of the test, animals are
put in one end of the labyrinth. Exploration is initiated
by crossing over the central entrance. In order to continue
exploration rats have to choose either walk through the left

Fig. 2. Multiple compartment labyrinth (MCL) schematic diagram.
Animals at the beginning of the test are put in the starting point (a). Once
rats pass through the center door, there are two next doors positioned at
the right (c) and the left (b) of the compartment. Animals have to choice
any of them in order to follow the exploration. Exploration behaviour
choosing any of the doors is evaluated in the “forward” and “backward”
direction (represented by the arrows in the drawing) during the 5 min
test. As explained in Materials and Methods section, the rostro-caudal
axis of the animal is taken as reference to identify right versus left.

door or the right door. Whatever the selection of the door
were, rats passing to the next compartment; face the same
situation as before. Exploration can be performed in the
initial-end and end-initial direction of the labyrinth. Thus,
rats are able to perform many selections during the 5 min
test. In this test the behavioural activity of the animals is
driven only by exploratory motivation induced by novel
environments.
Behavioural laterality was considered to be present

when number of animals using left doors higher than right
doors statistically outnumbers the opposite preference.

2.5.3. The Double Lateral Hole-Board Labyrinth
(DHBL, Fig. 3)

DHBL is made of wood and is composed by a rectangular
cage 39 cm wide, 70 cm length and 15 cm height. Inside
there are two compartments disposed in 90� each. The first
compartment (Initial) has 39 cm length and 15 cm wide
with a central entrance to the second compartment (Cor-
ridor, Fig. 3). Corridor has 55 cm of length, 17 cm wide,
and on its side walls there are 4 lateral holes, each 3 cm in
diameter. In this test just like the MCL, behavioural activ-
ity of animals was driven only by exploratory motivation
induced by novel environments. The following variables
were measured:
(1) Corridor behavioural activity. All behaviours dis-
played by rats while they are in the corridor of the
labyrinth, such as walking, rearing, head-dipping, and
sniffing on the left or right side walls, including non-
exploratory behaviours such as grooming and immobiliza-
tion measured by a digital automatic counter (counting
rate 2 counts/sec) monitored by an observer unaware of
treatments.
(2) Initial Compartment behavioural activity. It is included
in this measure all the behavioural activity displayed by
rats while they were in this compartment. This activity
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Fig. 3. Double Lateral Hole Board Labyrinth (DHBL) schematic dia-
gram. Animals at the beginning of the test are put in the starting point
(a). Once the rat pass through the corridor, can either move forward by
the left (b), the right (c) or the center of the corridor. During exploration,
animals can display lateral head-dipping on any hole in the left or right
wall (d). At any position of the corridor (left or right) rats can rear (e).
As in the MCL, exploration behaviour is evaluated in the “forward” and
“backward” direction. For additional details, see Material and Methods
section.

was not measured directly and was calculated by subtract-
ing corridor behavioural activity counting from the total
counting of the test (5 min= 600 counts).
(3) Lateralized exploration. It is included in this vari-
able all behaviours related to exploration displayed when
the animal chooses one side of the corridor as subject
of exploration. Behaviours were: (i) walking nearby the
left or right wall of the corridor, at constant speed, with
vibrissae touching the wall; (ii) lateral head-dipping, and
(iii) rearing against the left or right walls of the corridor.
This score was measured in the same way than Corridor
Behavioural Activity.
(4) Non-exploratory activity. It is included in this variable
the following behaviours: (i) immobilization at any site
of the corridor; walking at the center of the corridor not
approaching to any side wall, and (iii) grooming. Its value
was calculated by subtracting the lateralized exploratory
activity from the corridor behavioral score.

In this test, behavioural laterality was considered to be
present when the median of lateralized exploration on
one side of the walls statistically outnumbers the opposite
exploration.

2.6. Experiments
The following experiments were performed:

2.6.1. Experiment 1: Spontaneous Behavioural Patterns
of Rats in Lateralized Environments and the
Effect of Hippocampal Implantation Cannulae

In this experiment normal intact rats (n= 24) were studied
in the three different labyrinths in order to detect spon-
taneous lateralized behaviours. In a separate group (n =
23), animals implanted in the ventral hippocampus were
also subjected to the three tests. Animals during 5 min
were tested only once in each labyrinth. Each test was

separated by 24 h. Statistical comparisons in each variable
were performed between both groups in order to evaluate
possible differences due to the surgical and microinjections
procedures.

2.6.2. Experiment 2: Role of Hippocampus on the
Spontaneous Lateralized Behaviour

In this experiment, hippocampal implanted rats were
microinjected with 2 �g/�l of lidocaine into the left, right
or both hippocampi in order to evaluate the effect of partial
or total blocking of hippocampal neuronal activity on the
expression of exploratory behaviour of rats. Groups were:
(i) Saline-Saline rats (n= 23), considered control;
(ii) Lidocaine into the left and saline into the right hip-
pocampus rats (n= 21);
(iii) Saline into the left and lidocaine into the right hip-
pocampus rats (n= 21), and
(iv) Lidocaine into both hippocampi rats (n = 21). Dose
of 2 �g/�l of lidocaine was used since in previous studies
in similar conditions this dose was found to effectively
block the neural activity of restricted regions of the brain.3

Behavioural laterality was tested in the same experimental
conditions that in Experiment 1.

2.7. Statistics
Comparisons between left and right behavioural activity of
animals in the different groups were performed by the non
parametric test of Wilcoxon.11 Comparisons of behavioural
activity displayed between two different groups were per-
formed by the Mann-Whitney Test.11 Multiple compar-
isons between the lidocaine groups were performed by the
non parametric Test of Dunn.12 Comparisons of the sig-
nificance of proportions of animals choosing left versus
right in the TL, and in the MCL tests were analyzed by
the Binomial distribution for events with equal probability
(The sign Test).11 A probability less than 0.05 was consid-
ered significant.

2.8. Care of Animals
The present experimental protocol was revised and
approved by the Comité Institucional de Cuidado de Ani-
males de Laboratorio (Institutional Committee of Care and
Welfare of Experimental Animals) of the Faculty of Med-
ical Sciences, Universidad Nacional de Cuyo (CICUAL).

3. RESULTS
3.1. Experiment 1
The behavioural parameters in the lateralized environments
of intact and hippocampal-implanted rats are shown in
Table I.
In the TL control intact animals did not show any pref-

erence for the left or right shelter. Implant and handling
procedures did not affect this behaviour (Table I, (A)).
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Table I. (A) The T labyrinth. (B) The multiple compartment labyrinth.

(A)

Group Shelter choice [Expressed as number of Left versus
of animals choosing left or right shelter.] Right

Left right

Intact rats 10 14 n.s.
HPC-implanted rats 12 11 n.s.
Intact versus Implanted rats n.s.

(B)

Group Doors choice during exploration [Expressed as number of Left versus
animals using one door more frequently than the other. Right

Four rats using the same number of left and right doors were excluded.]

Left door > right door Right door > left door

Intact rats 7 14 n.s.
HPC-implanted rats 11 11 n.s.
Intact versus Implanted rats n.s.

In the MCL, proportion of control intact rats using left
doors more often than right doors during exploration were
statistically the same that proportion of animals using the
inverse. Implant and handling procedures did not affect
this behaviour (Table I, (B)).
In the DHBL control intact animals displayed about

the same behavioural activity in the corridor than the ini-
tial compartment of the labyrinth (Table II). The hip-
pocampal implanted rats, instead showed an increased
total behavioural activity in the initial compartment
compared to that of the the corridor of the labyrinth
(Table II, p < 0�01). When behavioural corridor and ini-
tial compartment scores were compared between intact and
hippocampal-implanted rats, significant differences were
found (Table II, p < 0�01). In the spontaneous exploration
of the corridor, control intact rats showed longer explo-
ration of the left side of the labyrinth which was statis-
tically significant from that of the right side (Table II,
p < 0�01). This behaviour was conserved in the hippocam-
pal implanted rats but their scores were lower than the
intact rats (Table II). Out of the total exploratory activ-
ity displayed by control rats in the corridor, about half of
the activity was inverted in non exploration behaviours;
hippocampal implanted rats conserved this ratio but with
lower scores (Table II).

3.2. Experiment 2
The behavioural parameters in the TL of hippocampal-
implanted rats and microinjected with saline or lidocaine
are shown in Figure 4. Treatment with 2 �g/�l of lidocaine
into the left, the right or both hippocampi did not affect the
random selection of shelters in rats (Fig. 4). Proportions of
selection of right or left shelters were statistically similar
to that of saline-treated rats.

The behavioural parameters in the MCL of
hippocampal-implanted rats and microinjected with saline
or lidocaine are shown in Figure 5. When animals were
microinjected into the left or both hippocampi with lido-
caine, proportion of rats selecting right or left doors were
not different from saline-treated rats (Fig. 5). However,
when lidocaine was microinjected into the right hippocam-
pus, proportion of animals selecting left doors over right
doors was significantly decreased (p < 0�01, Fig. 5).
The behavioural parameters in the DHBL of

hippocampal-implanted rats and microinjected with saline
or lidocaine are shown in Figure 6. Saline-treated rats
spend more time in the initial compartment than in the
corridor (Fig. 6(A)). This behavioural pattern was not
modified when left or right hippocampus was microin-
jected with lidocaine. However, when both hippocampi
were injected with lidocaine, a significant increase in
the corridor behavioural activity with a decrease in the
initial behavioural activity was observed (Fig. 6(A)).
When rats were in the corridor, part of the activity they
showed corresponds to non-exploratory behaviours. This
non-exploratory activity was not affected when the lido-
caine treatment was applied into the left or the right
hippocampus. Nevertheless, when lidocaine treatment was
applied to both hippocampi, a significant increase in this
behaviour was found (Fig. 6(A)).
When left exploration activity was compared with right

exploration activity in the same animals, control ani-
mals conserved the significant left biased exploration
(Fig. 6(B)). Application of lidocaine into the left hip-
pocampus was effective to block this left biased explo-
ration (Fig. 6(B)); however, when the lidocaine treatment
was applied to the right hippocampus, the left exploratory
preference was conserved (Fig. 6(B)). Application of lido-
caine into both hippocampi, also blocked the natural ten-
dency to left exploration of treated rats (Fig. 6(B)).
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Table II. The double lateral hole board labyrinth.

Group Behavioural activity Non exploratory

Corridor Initial compartment Lateralized exploration

Left side Right side

Intact rats n= 24 308±14�6 284�5±15 81±7�4�b� 63�5±6�9 144±14
HPC-implanted rats n= 23 224�5±18�9�a� 375�5±18�7 64�5±5�4�b� 48�0±5�2 91�5±12
Intact versus HPC-implanted rats p < 0�01 p < 0�01 p < 0�01 p < 0�01 p < 0�01

Behavioural scores expressed as the median ± standard error of the median. (a) p < 0�01 Corridor versus Initial Compartment; (b) p < 0�01 versus Right side.

Fig. 4. Percentage of animals choosing left or right shelter in the TL,
after they are microinjected into the hippocampus with saline and/or
lidocaine.

4. DISCUSSION
It is interesting to note that most of laterality research in
humans and animals has been interpreted as that lateral-
ization somehow involves the entire brain hemisphere for
some specific behavioural function.8�14�19�26�29�37 Although
it is practical considering that brain circuits in one half of
the central nervous system might process functions in this
way, it is known that not all brain nuclei are lateralized
to differentially influence behavioural processes. Thus, the
search for identifying nuclei or specific brain circuits in
one hemisphere presenting lateralization is a reasonable
logical step after detection of the lateralized behaviour.
In this work all three experimental setups used have

in common the exploration behaviour of the rat. In one
instance, exploratory behaviour is related to an avoid-
ance response seeking for shelter (the T labyrinth, TL);
in the others the investigation of surroundings is moti-
vated by novelty (the multiple compartments, MCL and
the double lateral hole-board labyrinths, DHBL). These
behavioural expressions are considered spontaneous and
natural responses in rats. In Experiment 1, the TL and the

MCL, designed to detect left versus right making decisions
did not show any evidence that intact rats have some later-
alized preferences in these environments (Table II, (A) and
(B)). Possibility that TL and MCL are not sensitive enough
to detect biased behaviours is not likely, since in one
preliminary testing in adult rats bearing 6-OH-dopamine
chemical lesions in the left corpus striatum and stimulated
with apomorphine, animals showed a right-bias selection
of the shelter in the TL (results not shown). On the other
hand, in Experiment 2 when the right hippocampus was
blocked by lidocaine and left hippocampus injected with
saline, rats significantly prefer passing through right doors
rather than left doors during exploration of the MCL
(Fig. 5). These data support the utility of the TL and MCL
for evaluating lateralized exploratory behaviours in rats.
Thus, the most reasonable conclusion regarding intact rats
is that in the TL and MCL environments lateralized spon-
taneous exploration behaviours are not present. Instead, in
the DHBL, intact animals showed a clear and significant
left-biased exploration (Table II, Experiment 1). It is inter-
esting to note that rats prefer to spend more time exploring
the left wall than the right wall. Since walls (left and right)
are geometrically identical and mirror images of each
other, what it appears to be lateralized is the exploratory
motivation related to the place-novelty. Another interest-
ing feature is that intact rats dedicate about the same
behavioural activity to the corridor and to the initial com-
partment (Table II, Experiment 1), and when animals are in
the corridor, they spend about the same time in exploration
and in non-exploratory activity (Table II, Experiment 1).
These data suggest that intact rats perceive each compart-
ment of the DHBL with about the same relative attraction.
As shown in Table II, hippocampus implanted rats show
a modification in these behavioural parameters, suggesting
that bearing the cannulae and microinjections procedures
inflict some irritatory effect. Nevertheless, the general rela-
tionship between the behavioural parameters observed in
the intact animals is maintained in the implanted rats. It
is not likely that implants by themselves can exert general
unspecific effects, since in TL and MCL, no behavioural
differences were found between intact and implanted rats
during testing (Table II, (A) and (B)). This evidence sup-
port the concept that implantation procedure imposed to
animals does not alter general brain functions.
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Fig. 5. Percentage of animals choosing to pass through left doors more
often than right doors in the MCL, after they are microinjected into the
hippocampus with saline and/or lidocaine. ∗∗p< 0�01 versus 50% (dashed
line).

Histological inspection of brain sections of rats consis-
tently revealed that the site of microinjection was located
into the ventral hippocampus. In this region the princi-
pal neuronal target was the CA2–CA4 pyramidal neurons.
Thus, results of the present work can be interpreted as
proper consequence of chemical stimulation or inhibition
of hippocampal neurons.
Experiment 2 shows, in agreement with results observed

for intact and implanted rats in Experiment 1, no evi-
dence of lateralization when left, right or both hippocampi
were blocked with lidocaine and measured by the TL test
(Fig. 4). These results give support to the concept that hip-
pocampus is not involved in decision making behaviour
in the environment represented by the TL. In contrast,
choice preference of rats for passing through the left or
right doors in the MCL of rats was significantly affected
when the right hippocampus was blocked by lidocaine
(Fig. 5). This evidence strongly suggest that left and right
hippocampal neural circuits co-participate modulating the
multiple choices the animal has to perform during explo-
ration of the MCL. Nevertheless, no evidence of hip-
pocampal lateralization is collected from experiments with
the MCL.
As shown in Figure 6(A), no lateralization was appar-

ent when rat behavioural activities of Corridor, Initial
Compartment and Non Exploration of the DHBL were
examined after lidocaine treatment in the left or the right
hippocampus. However, hippocampal neural circuits are
involved in the expression of these behaviours because
lidocaine application to both hippocampi was able to
change these behavioural activities (Fig. 6(A)). Since

(A)

(B)

Fig. 6. Behavioural parameters displayed by rats in the DHBL after
they are microinjected into the hippocampus with saline and/or lido-
caine. (A) Motivational parameters: Initial Comp= Initial compartment;
Non Expl Act=Non exploratory activity. ∗p < 0�05 versus Saline/Saline
group; ∗∗p < 0�01 versus Saline/Saline group. (B) Lateralized exploration
parameter: Expl = exploration. ∗∗p < 0�01 versus left exploration in the
respective group.

Corridor and Initial Compartment behaviours are related
to animal’s choice decision to enter or not to the corridor,
evidence suggests that this brain process is not depend-
ing on a differential activity of left or right hippocam-
pus. It is quite possible that the increase in the Corridor
score of animals treated with lidocaine in both hippocampi
might be related to a decrease of the emotionality asso-
ciated to the unknown corridor, since non exploratory
activity was increased in these animals.1�27 However, as
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shown in Figure 6(B) left-biased exploration of the cor-
ridor is lateralized, and depending on the left hippocam-
pus, because lidocaine treatment in the left but not in the
right hippocampus blocked the left tendency to explore
the walls of the corridor. This evidence is suggesting that
the hippocampal neural circuits appear to be specialized
in the evaluation of the significance of input information,
thus controlling the “intensity” of the exploratory analy-
sis of the environment. This is the basis for considering
the hippocampus as part of a brain novelty motivation
system,1�4�5 and as data from Figure 6(B) show, it appears
that this function is lateralized to the left hippocampus.
These results put into evidence the complexity of the
hippocampal structure that in addition to its well known
influence in learning and memory processes, it is also
modulating motivation mechanisms. It is worthwhile to
note that the present data pointing to the left hippocampus
is in agreement with those obtained in pigeons where also
the left hippocampus was critically involved in the spa-
tial memory task.15 Since animals were tested only once
in the DHBL, and the environment and conditions of the
test were not stressful, memory clues are not involved.
Hippocampal neurons activity quite likely is related to
exploratory motivation processes.
In humans, the left hippocampus has been described

as functionally involved in verbal and contextual mem-
ory processing.20 Unfortunately, these complex brain func-
tions, in particular those related to verbal communication
cannot be studied in animals such as the rat not pos-
sessing language abilities. Nevertheless, left-right asym-
metry in hippocampal circuitry involved in learning and
working memory has been found in the inversus viscerum
mouse, which was accompanied with right isomerism of
the synaptic distribution of the �2 subunit of the gluta-
matergic receptor.17 However, since these animals have a
randomized laterality distribution of their internal organs,
the physiological significance of these observations regard-
ing functional laterality is not clear. In the rat, proteomics
analysis of the hippocampus has shown quantitative dif-
ferences in about eighty proteins between the right and
the left hippocampus. A higher abundance of metabolic
enzymes related to energy metabolism were found in the
right than in the left hippocampus.28 The implication of
these observations regarding our results is to be deter-
mined. It is interesting to note that in a previous study
of our laboratory on the baso-lateral amygdala, using the
same implantation techniques, the lidocaine treatment in
the left amygdala but not in the right significantly inhib-
ited exploration of an unknown environment.3 This evi-
dence suggests that both components of the limbic system
(amygdala and hippocampus), known to be intercommu-
nicated themselves, follow a common lateralized influence
on exploratory activity.
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