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Genetic and pharmacological approaches to
evaluate the interaction between the cannabinoid
and cholinergic systems in cognitive processes
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Background and purpose: The objective of this study was to investigate the possible interactions between the cannabinoid
and cholinergic systems in memory and learning processes by using genetic and pharmacological approaches in two different
behavioural models, the active avoidance and the object recognition test.
Experimental approach: The effects induced by nicotine, physostigmine and scopolamine were studied in CB1 receptor
knockout and wild-type mice in the active avoidance paradigm. In addition, the effects of pretreatment with the CB1 receptor
antagonist rimonabant were evaluated on the responses induced by nicotine in the active avoidance and the object
recognition tasks in wild-type mice.
Key results: Nicotine (0.5 mgkg–1 s.c.) did not modify the performance of CB1 knockout and wild-type mice in this model,
whereas scopolamine (0.5 mgkg–1 i.p.) impaired the performance in both genotypes. Physostigmine (0.1 mgkg–1 i.p.)
increased the active avoidance performance in wild-type but not in CB1 knockout mice. Rimonabant (0.3, 1, 3, and 10 mgkg–1)
did not modify the performance in the active avoidance test, given alone or co-administered with nicotine. In contrast,
nicotine enhanced the performance in the object recognition task but this response was attenuated by rimonabant co-
administration.
Conclusions and implications: The present findings revealed that the cognitive effects of nicotine and physostigmine were
attenuated in the absence of CB1 receptor activity. Scopolamine effects were independent from CB1 receptors.
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Introduction

Cannabis sativa derivatives and tobacco remain two of the

most widely abused drugs and represent worldwide public

health problems. In the central nervous system (CNS),

nicotine, the primary addictive substance in tobacco,

activates the nicotinic acetylcoline receptors (nAChR),

whereas D9-tetrahydrocannabinol (THC) the main psychoac-

tive compound of Cannabis sativa, acts through the canna-

binoid receptors: CB1 receptor mainly located in the CNS

and CB2 receptor which is abundant in the immune cells

(Munro et al., 1993). CB1 receptors are highly expressed in

different brain areas that play an important role in the

modulation of memory such as hippocampus, cortex and

amygdala (Herkenham et al., 1990; Tsou et al., 1998). An

overlapping distribution of nAChR and CB1 receptors has

been reported in some of these structures (Picciotto et al.,

2000), suggesting possible functional interactions between

cannabinoid and cholinergic systems in cognitive control.

The involvement of nAChR in learning and memory

processes has been recognized for several decades (Levin,

1992; Stolerman et al., 1995). Acetylcholine (ACh) activity

seems essential to learn multiple tasks and plays an

important role during the early stages of memory formation

(Miranda et al., 2003). Nicotine agonists improve perfor-

mance in several cognitive models in both rodents and

humans (Levin et al., 2006) as well as acetylcholinesterase

inhibitors, which enhance the availability of ACh in the
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11BB-CSIC, C/Rosselló 161, 6th floor, 08036 Barcelona, Spain.

British Journal of Pharmacology (2007) 150, 758–765
& 2007 Nature Publishing Group All rights reserved 0007–1188/07 $30.00

www.brjpharmacol.org



synaptic cleft (Molchan et al., 1992; Degroot and Parent,

2001; Zarrindast et al., 2002), whereas anticholinergic drugs

impair learning and memory in a variety of tasks (Fibiger,

1991; Gallagher and Colombo, 1995; Zarrindast et al., 2002).

Thus, scopolamine, a muscarinic cholinergic receptor an-

tagonist, induces a performance deficit that has been

proposed as an animal model of dementia (Collerton,

1986; Jensen et al., 1987; Quartermain and Leo, 1988).

Although CB1 receptor activation impairs cognitive func-

tion (Schacter and Wagner 1999), the blockade of this

receptor may increase learning and memory through an

enhancement of ACh efflux in the brain. Thus, the CB1

antagonist rimonabant increases ACh efflux in the hippo-

campus and medial-prefrontal cortex (Gessa et al., 1998;

Tzavara et al., 2003) and the genetic deletion of CB1 receptor

improves cognitive processes in different behavioural para-

digms (Maccarrone et al., 2002; Martin et al., 2002).

The behavioural and biochemical consequences of the

interaction between the cannabinoid and cholinergic sys-

tems are poorly documented in spite of the current

association of cannabis and tobacco in humans. In mice,

nicotine facilitates hypothermia, antinociception, hypolo-

comotion and anxiolytic-like responses induced by THC

(Valjent et al., 2002), whereas THC decreases somatic and

motivational manifestations of nicotine withdrawal (Balerio

et al., 2004). On the other hand, rimonabant abolishes

nicotine-induced anxiolytic-like effects and increases the

anxiogenic-like responses of nicotine (Balerio et al., 2006).

The aim of the present study was to investigate the

possible interactions between the cannabinoid and choli-

nergic systems in cognitive processes by using pharmacolo-

gical and genetic approaches in different behavioural

paradigms. For this purpose, the effects induced by nicotine,

physostigmine and scopolamine were studied in CB1 knock-

out and wild-type littermates mice in the active avoidance

paradigm. In addition, the effects of the pretreatment with

rimonabant were evaluated on the pharmacological re-

sponses induced by nicotine in the active avoidance and

the object recognition tasks in wild-type mice.

Methods

Animals

Male CD1 mice (Charles River, France) weighing 22–28 g as

well as male CB1 knockout mice and wild-type littermates

weighing 30–35 g were used. The generation of mice lacking

CB1 receptors was described previously (Ledent et al., 1999).

In order to homogenize the genetic background of the mice,

the first generation of heterozygotes were bred for 30

generations on a CD1 (Charles River, France) background,

with selection for the mutant CB1 gene at each generation.

Animals used in a given experiment originated from the

same breeding series. All the animals were housed five per

cage with food and water available ad libitum. They were

acclimated to the laboratory conditions (12 h light–dark

cycle, 21711C room temperature) and manipulated by the

investigators during 1 week before the experiment. Beha-

vioural tests and animal care were conducted in accordance

with the standard ethical guidelines (NIH, publication

no. 85–23, revised 1985; European Communities Directive

86/609/EEC) and approved by the local ethical committee

(CEEA IMAS-UPF). All experiments were performed with the

investigators being unaware of the treatment and/or geno-

type conditions.

Active avoidance procedure

Mice were trained to avoid an aversive unconditioned

stimulus (US) associated with the presentation of a condi-

tioned stimulus (CS) in a two-way shuttle box apparatus

placed in a sound-attenuating box (Panlab SL, Barcelona,

Spain) (Martin et al., 2002). The shuttle box apparatus

consists of a box with two compartments (20�10 cm)

connected by a 3�3-cm door. A light (10 W) switched on

in the compartment in which the mouse was placed was

used as a CS. The CS preceded by 5 s the onset of the US and

overlapped it for 25 s. Using this procedure, the light was

presented in the compartment for 30 s (5 s alone and 25 s

together with the US). At the end of the 30 s period, both CS

and US were automatically turned off. The US was an electric

shock (0.2 mA) continuously applied to the grid of the floor.

A conditioned response was recorded when the animal

avoided the US by changing from the compartment where

the animal received the CS into the opposite compartment

within the 5 s after the onset of the CS. If animals failed to

avoid the shock, they could escape it by crossing during the

US (25 s). Between each trial session, there was an inter-trial

interval of 30 s.

Animals were subjected to one daily 100-trial active

avoidance session during 5 consecutive days. Each day the

mice were placed in the shuttle box 10 min before starting

the session to allow them to explore the box and to become

familiar with the apparatus. Data from active avoidance

paradigm was calculated as a ratio between conditioned

changes and total changes. Data were also expressed as area

under the curve (AUC) in order to facilitate the comparisons

between groups by using a standard trapezoid method and

the following equation, AUC¼ (0.5*A1*dþA2*dþ y þAn-

1*dþ0.5*An*d), where the A1 to An are the ratio values and

d is the time (days) elapsed between the consecutive

measurements.

Object recognition test

Mice were placed in a Plexiglas open-field box (51 cm

wide�51 cm long�58 cm high) with white vertical walls

and a white floor divided into 25 equal squares, as reported

previously (Meziane et al., 1998). The light intensity in the

middle of the field was 30 lux. The objects to be discrimi-

nated were a marble (5.5 cm high, object A) and a plastic

(4.5 cm high, object B) figure. First, mice were individually

habituated to the open field for 50 min. The next day, they

were submitted to a 10 min acquisition trial (first trial)

during which they were placed in the open field in the

presence of the object A. Locomotor activity (number of

squares crossed), rearings and time that animal took to

explore object A (animal’s snout direct toward the object at a

distance o1 cm) were recorded. A 10 min retention trial

(second trial) occurred 24 h later. During this second trial,
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objects A and B were placed in the open field and locomotor

activity, rearings and time that animal took to explore object

A (tA) and object B (tB) were recorded. A recognition index

was defined as (tB/(tAþ tB))�100. Objects A and B were

counterbalanced so that half of the animals in each

experimental group were first exposed to the object A and

then to the object B whereas the other half saw first as the

object B and then the object A.

Statistical analysis

Data from the active avoidance test performed in CB1

knockouts and wild-type littermates were analysed using

three-way analysis of variance (ANOVA) with repeated

measures (genotype and treatment as between-subjects

factors and day as within-subjects factor of variation).

Subsequent two-way ANOVA followed by one-way and post

hoc comparison (Dunnett’s test) were used when required.

AUC values were compared by using two-way ANOVA

(genotype and treatment as a between-subjects factors),

followed by one-way ANOVA and post hoc comparisons

(Dunnett’s test) when required. Data from active avoidance

test performed using the pharmacological approach were

analysed using three-way ANOVA with repeated measures

(treatment and pretreatment as between-group factors and

day as within-group factor of variation). In the object

recognition task, recognition index values were compared

using two-way ANOVA (treatment and pretreatment as

between-subjects factor), followed by one-way ANOVA when

required. In all the experiments, the level of significance was

Po0.05. SPSS statistical package was used.

Drugs

The selective CB1 receptor antagonist rimonabant ((N-

piperidin-1-yl)-5-(4-chlorophenyl)-1(2,4-dichlorophenyl)-4-

methyl-1H-pyrazole-3-carboxy amide), kindly provided by

(Sanofi–Aventis, Paris, France) was dissolved in a solution of

1% of carboxymethylcellulose sodium salt (Merck, Madrid,

Spain, Germany) and administered by intraperitoneal (i.p.)

route. Nicotine hydrogen tartrate salt (Sigma, Madrid, Spain,

France) was dissolved in physiological saline 0.9% and

administered subcutaneously (s.c.). Physostigmine hemisul-

phate salt (Sigma) and scopolamine hydrochloride, (Sigma)

were dissolved in physiological saline 0.9% and administered

intraperitoneally. The injection volume was 20 ml kg�1 of

body weight in the case for rimonabant and 10 ml kg�1 for

the other drugs. Physostigmine (0.1 mg kg�1), scopolamine

(0.5 mg kg�1) and nicotine (0.5 mg kg�1) were administered

30 min before the test. Rimonabant (0.03, 1 , 3 and

10 mg kg�1), was administered 35 min before testing.

Results

Genetic approach

Changes induced by scopolamine and physostigmine in the active

avoidance paradigm in wild type and CB1 knockout mice. In the

active avoidance paradigm, scopolamine decreased the

performance in both, wild-type and CB1 knockout mice

whereas physostigmine increased the performance in wild-

type but not CB1 knockout mice (Figure 1). Nicotine did not

produce any significant effect in this paradigm. Three-way

ANOVA of ratio values revealed a significant effect of day

(F(4,436)¼ 372.72, Po0.001), treatment (F(3,109)¼14.966,

Po0.001), interaction between day and treatment

(F(12,436)¼13.175, Po0.001) and between day, genotype and

treatment (F(12,436)¼2.304, Po0.01). There is no significant

effect of genotype, neither interaction between day and

genotype nor between genotype and treatment.

In wild-type animals, subsequent two-way ANOVA (day

and treatment), revealed a significant effect of day

(F(4,224)¼ 167.12, Po0.001), treatment (F(3,56)¼10.12,

Po0.001) and interaction between both factors

(F(12,224)¼8.322, Po0.001). One-way ANOVA revealed in

these animals a significant effect of treatment on day 1

(Po0.001), 3 (Po0.001), 4 (Po0.001) and 5 (Po0.001). Post

hoc analysis showed a significant decrease in the perfor-

Figure 1 (a) CB1 wild-type mice treated with physostigmine
(0.1 mg kg�1 i.p.) presented an enhancement in learning/memory
evaluated in the active avoidance test (100-trial avoidance sessions
per day for 5 days). Wild-type mice treated with scopolamine
(0.5 mg kg�1 i.p.) showed a decrease in the learning performance.
Data are expressed as a ratio between conditioned changes and total
changes. Data represent mean7s.e.m. n¼10–20 mice per experi-
mental group. (b) CB1 knockout mice treated with scopolamine
(0.5 mg kg�1 i.p.) showed a decrease in learning/memory evaluated
during the active avoidance test (100-trial avoidance sessions per
day for 5 days). Data are expressed as a ratio between conditioned
changes and total changes. Data represent mean7s.e.m. n¼10–20
mice per experimental group.
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mance of scopolamine-treated mice on days 3, 4 and 5. In

contrast, a significant increase in learning performance of

physostigmine-treated mice was observed on days 3, 4 and 5,

when compared to saline-treated wild-type mice (Figure 1a).

In knockout animals, two-way ANOVA (day and treat-

ment) revealed a significant effect of day (F(4,216)¼205.69,

Po0.001), treatment (F(3,54)¼7.437, Po0.001) and interac-

tion between these two factors (F(12,216)¼5.705, Po0.001).

One-way ANOVA showed a significant effect of treatment on

day 2 (Po0.001), 3 (Po0.001), 4 (Po0.001) and 5 (Po0.001).

Post hoc analysis indicated a significant decrease in the

performance of scopolamine-treated mice on days 3, 4 and 5

when comparing with saline group (Figure 1b).

Data were also expressed as AUC in order to facilitate the

comparison between groups (Figure 2). Two-way ANOVA

(genotype and treatment) revealed significant effect of

treatment (F(3,116)¼16.707, Po0.001), but no effect of

genotype, nor interaction between these two factors. One-

way ANOVA, demonstrated a significant effect of treatment

in both wild-type and knockout mice (F(3,116)¼15.813,

Po0.001; F(3,57)¼7.559, Po0.001). In wild-type mice, sub-

sequent post hoc analysis showed a significant decrease in the

performance of scopolamine-treated animals and perfor-

mance improvement in physostigmine-treated mice. In CB1

knockout animals, post hoc analysis only showed a decrease

in the performance in scopolamine-treated mice (Figure 2).

AUC was also expressed for number of conditioned

changes. Knockout mice revealed an enhancement in the

performance in the active avoidance compared to wild-type

mice. Indeed, one-way ANOVA revealed a significant effect

of genotype (F(1,38)¼7.819, Po0.01) (Table 1).

Pharmacological approach

Lack of effects of rimonabant and nicotine in the active avoidance

paradigm. In the active avoidance paradigm, neither rimo-

nabant nor nicotine have any effect in wild-type mice.

Three-way ANOVA calculated for ratio values revealed a

significant effect of day (F(4,628)¼270.54, Po0.001) no

significant effect of treatment (F(1,157)¼1.164, ns) no effect

of antagonist (F(4,157)¼ 0.863, ns) and no interaction

between either of these groups was observed (Figure 3a and

b).

Data were also expressed as AUC in order to facilitate the

comparison between groups. Two-way ANOVA (pretreat-

ment and treatment), revealed no effect of rimonabant

(F(4,157)¼ 655.53, ns) or nicotine (F(1,157)¼1025.03, ns), nor

interaction between these two factors (F(4,157)¼661.12, ns)

(Figure 4).

AUC was also expressed for the number of conditioned

changes. Rimonabant did not modify the performance in

wild-type mice. Indeed, one-way ANOVA revealed no

significant effect of the administration of the CB1 antagonist

(Table 1).

Nicotine increases the performance in the object recognition

test. Two-way ANOVA revealed a significant effect of

nicotine (F(1,118)¼4.946,. Po0.05), but no effect of rimona-

bant nor interaction between these two factors. Subsequent

one-way ANOVA only showed a significant increase in the

recognition index values in nicotine-treated animals when

compared with vehicle-treated animals (F(1,24)¼10.608,

Po0.01) (Figure 5).

Discussion

In this study, we investigated the possible interactions

between the cannabinoid and cholinergic systems in

memory and learning processes by using genetic and

pharmacological approaches in two different behavioural

models, the active avoidance and the object recognition test.

Nicotine did not modify the performance of CB1 knockout

and wild-type littermates in the active avoidance test. Our

finding was in agreement with previous studies reporting

that nicotine administration (0.35 mg kg�1) in NMRI mice

did not improve the acquisition of the active avoidance

test (Moragrega et al., 2005). Furthermore, nicotine (0.5, 1,

2 mg kg�1) had no effects on the performance in the active

Figure 2 CB1 knockout and wild-type mice exhibited a decreased
performance in the active avoidance test when treated with
scopolamine (0.5 mg kg�1 i.p.), whereas only wild-type mice
showed an enhanced performance when treated with physostig-
mine (0.1 mg kg�1 i.p.). Data represent mean7s.e.m. of n¼10–20
mice per experimental group. Data are expressed as an AUC.

Table 1 AUC, obtained on the active avoidance paradigm (conditioned
changes)

Mean7s.e.m. F-value P-value

Genetical approach Wild-type 143.35712.60
11.142 o0.001

CB1 knockout mice Knockout 198.58714.60

Vehicle 132.66712.57
Pharmacological approach 0.03 137.97711.75

1 138.28718.33 0.129 NS
Rimonabant (mg kg�1) 3 131.97710.94

10 125.56717.61

Abbreviations: ANOVA, analysis of variance; AUC, area under the curve; NS,

non significant.

A significant increase in the performance in the active avoidance paradigm

was observed in CB1 knockouts compared to wild-type mice. The performance

in this paradigm was not modified by rimonabant. One-way ANOVA

(genotype for the genetical approach and treatment for the pharmacological

approach).
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avoidance test, although it induced deficit in retrieval in

C57BL/6J females and DBA/2J males and females, but not in

C57BL/6J male mice (Gilliam and Schlesinger, 1985). In

agreement, nicotine pretreatment affected active avoidance

in a sexually dimorphic and dose–dependent manner

(Yilmaz et al., 1997). Thus, in male Sprague–Dawley rats,

nicotine was active at all the doses tested (0.2, 0.4,

0.6 mg kg�1) whereas in female rats, learning performance

deteriorated only at the dose of 0.6 mg kg�1. In addition,

prenatal administration of nicotine impaired active avoid-

ance both in male and female Sprague–Dawley rats (Vagle-

nova et al., 2004), although an improved learning was

revealed in similar experimental condition in females, but

not in males (Genedani et al., 1983). Therefore, nicotine

effects in the active avoidance test depend on a range of

factors including strain, dose, time of administration, age

and housing conditions. These discrepancies could be

explained by differences in the emotional state. Thus,

females show an enhanced stress response owing to the

higher corticosterone level and faster onset compared to

males (Carey et al., 1995; Carrasco and Van de Kar, 2003),

and a mild decrease in anxiety has been reported in old mice

compared to young animals (Maccarrone et al., 2002).

The effects of the cholinergic antagonist scopolamine on

learning and memory were also evaluated in CB1 knockouts.

Numerous pharmacological studies have demonstrated that

scopolamine impairs learning in different tasks (Fibiger,

1991; Gallagher and Colombo, 1995; Zarrindast et al., 2002)

and this impairment is directly related to a decrease in

central cholinergic functions. In agreement with these

reports, our study reveals an impairment in active avoidance

performance after scopolamine administration in both wild-

type and CB1 knockout mice, demonstrating that the

amnesic effects of scopolamine are not mediated through

the CB1 receptor. On the other hand, acetylcholinesterase

inhibitors, such as physostigmine, that enhance the avail-

Figure 3 (a) Rimonabant administration (0.03, 0.1, 1, 3 mg kg�1

i.p.) before the active avoidance test showed no effect in wild-type
mice. Data are expressed as a ratio between conditioned changes
and total changes and represent mean7s.em. n¼16–19 mice per
experimental group. (b) Nicotine administration (0.5 mg kg�1 s.c.)
before the active avoidance test produced no effect in wild-type
mice. There was no effect when animals were pretreated with
rimonabant (0.03, 0.1, 1, 3 mg kg�1 i.p.) either. Data are expressed
as a ratio between conditioned changes and total changes. Data
represent mean7s.e.m. n¼16–19 mice per experimental group.

Figure 4 Neither rimonabant (0.03, 0.1, 1, 3 mg kg�1 i.p.) nor
nicotine (0.5 mg kg�1 s.c.) modified the performance in the active
avoidance test in wild-type mice. Data are expressed as an AUC.
Data represent mean7s.em. n¼16–19 mice per experimental
group.

Figure 5 Recognition index measured at 24 h after the first trial,
was increased in wild-type mice treated with nicotine (0.5 mg kg�1

s.c.), whereas animals that received rimonabant (0.03, 0.1, 1,
3 mg kg�1 i.p.) or both, rimonabant (0.03, 0.1, 1, 3 mg kg�1 i.p.)
and nicotine (0.5 mg kg�1 s.c), exhibited a similar recognition index.
Data represent mean7s.e.m. n¼8–14 mice per experimental
group.
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ability of ACh in the synaptic cleft, increase the performance

in a variety of cognitive tasks (Molchan et al., 1992; Degroot

and Parent, 2001; Zarrindast et al., 2002) and we found that

physostigmine increased the active avoidance performance

in wild-type mice. Interestingly, physostigmine did not

modify the performance in CB1 knockout mice. An en-

hanced ACh release (Kathmann et al., 2001) and improved

long-term potentiation in the hippocampus (Bohme et al.,

2000) has been reported in mice lacking CB1 receptor, which

are in part responsible for their improved memory function.

Therefore, the responses mediated by physostigmine-in-

duced enhancement of Ach activity could be impaired in

the mutant mice that already show an enhanced Ach release

as a precise concentration of this neurotransmitter seems to

be required at the synaptic level to improve memory and

learning processes. As reported previously (Martin et al.,

2002), CB1 knockout mice showed an increase in the

performance in the active avoidance task when compared

to wild-type mice, as revealed by the modification of the

number of conditioned changes. However, when the results

are expressed as a ratio between conditioned and total

changes, this difference did not reach statistical significance,

showing that conditioned changes are more sensitive to

these particular differences between genotypes. Endocanna-

binoids also modulate other pathways within the hippo-

campus, such as glutamatergic (Sullivan, 2000) and

GABAergic activities (Hampson and Deadwyler, 2000; Wil-

son and Nicoll, 2001) that could also be involved in the

altered response in CB1 knockout mice.

Using a pharmacological approach, we demonstrated that

the CB1 antagonist rimonabant administered at a large range

of doses (from 0.3 to 10 mg kg�1), and given alone or

coadministered with nicotine did not modify the perfor-

mance in the active avoidance test. Previous studies have

reported controversial data on the effects of rimonabant on

cognitive processes in rodents. Thus, rimonabant improved

the performance of rats and mice in an olfactory recognition

task (Terranova et al., 1996), facilitated memory acquisition

and consolidation in the mouse elevated-Tmaze (Takahashi

et al., 2005), enhanced spatial memory performance in the 8-

arm radial maze (Lichtman, 2000) and improved memory in

a delayed radial maze task (Wolff and Leander, 2003).

However, rimonabant failed to enhance the performance in

a variety of operant tasks in rats (Mansbach et al., 1996;

Brodkin and Moerschbaecher, 1997; Mallet and Beninger,

1998), had no effect on a delayed nonmatch to sample task

(Hampson and Deadwyler, 2000) and failed to modify the

acquisition or consolidation of aversive memories (Marsica-

no et al., 2002). The apparent controversies could be

explained because rimonabant seems to enhance memory

consolidation rather than the acquisition or retrieval

processes (Terranova et al., 1996). Thus, in most of the

studies in which rimonabant improved the performance,

this antagonist was administered after the original encounter

with the cognitive paradigm (Terranova et al., 1996; Wolff

and Leander, 2003). This hypothesis is in agreement with our

findings revealing the absence of effect when rimonabant

was administered before the exposure to the cognitive task.

Another possible explanation for the lack of effect of

rimonabant in these behavioural paradigms could be the

particular biodistribution of this drug, which presents a

preferential distribution to the peripheral tissues rather than

to the CNS (Després et al., 2005). Another explanation for the

difference between the results obtained with rimonabant

and CB1 knockout mice could be the possibility of adaptive

compensation in the genetic model.

In contrast with the active avoidance results, nicotine

enhanced the performance in the two trial object recogni-

tion task. However, the results obtained in this behavioural

paradigm showed a high variability that makes the inter-

pretation difficult. Rimonabant enhanced the recognition

index at all the doses tested, although significant differences

were not revealed. Furthermore, nicotine did not signifi-

cantly enhance the performance when combined with

rimonabant, although the recognition index values were

still high compared to saline. The particular enhancement in

the availability of ACh that could result from the association

of these two drugs could lead to an attenuation of the

cognitive effects induced by nicotine alone. The active

avoidance paradigm is a complex model in which other

behavioural responses different from the cognitive processes,

such as anxiety, play an important role in the trial

performance. Several structures different from the hippo-

campus, that are involved in cognitive and emotional

responses such as the prefrontal cortex and amygdala, also

participate in the responses obtained after exposure to this

paradigm (Holland and Bouton, 1999; LeDoux 2000). In

contrast, object recognition test is considered a pure working

memory task (Ennaceur and Delacour, 1988) in which the

hippocampus plays a key role. Thus, cholinergic innerva-

tions of hippocampus by neurons in the medial septal area

are critical for optimal memory performance in this model

(Levin and Rezvani, 2002). Therefore, the different responses

induced by nicotine in the active avoidance and object

recognition task might be consequences of the distinct

neurobiological substrate and cognitive responses evoked in

these behavioural models.

In summary, the present findings demonstrate that the

effects of nicotine and physostigmine are attenuated in the

absence of CB1 receptor activity. However, scopolamine

effects are independent of CB1 receptor activity. The

cognitive responses induced by rimonabant in the active

avoidance paradigm were different to those observed in CB1

knockout mice.
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