Available online at www.sciencedirect.com

SOIENCE‘dDIRECT'
AND

e VSR S BEHAVIOR
ELSEVIE Pharmacology, Biochemistry and Behavior 77 (2004) 567573

PHARMACOLOGY
BIOCHEMISTRY

www.elsevier.com/locate/pharmbiochembeh

Unconditioned and conditioned anxiogenic effects of the cannabinoid
receptor agonist CP 55,940 in the social interaction test

Rachel F. Genn®, Sonia Tucci®, Eva M. Marco®, M. Paz Viveros™*, Sandra E. File®

“Psychopharmacology Research Unit, Centre for Neuroscience, GKT School of Biomedical Sciences, King’s College London,
Hodgkin Building, Guy’s Campus, London SE1 1UL, UK
bDepartmento de Fisiologia (Fisiologia Animal Il), Facultad de Biologia, Universidad Complutense, Ciudad Universitaria, 28040, Madrid, Spain

Received 30 October 2003; received in revised form 16 December 2003; accepted 17 December 2003

Abstract

In spite of the addictive properties of cannabinoids, under certain circumstances, they can evoke strong anxiogenic and aversive responses
in humans and in animal tests of anxiety. Effects of different doses of CP 55,940 (10, 20, and 40 pg/kg) were tested in the low-light, familiar
(LF) apparatus test condition of the social interaction test. The 40-ug/kg dose of CP 55,940 significantly decreased the time spent in social
interaction, indicating an anxiogenic effect. This dose also had an independent effect of reducing locomotor activity. In rats tested undrugged
24 h after testing with 40 ng/kg, there was a significant anxiogenic effect, indicating conditioned anxiety. The group of rats injected with 40
ng/kg immediately after the social interaction test showed an unexpected significant anxiolytic effect when tested undrugged 24 h later. In an
additional experiment, rats were tested in the high-light, familiar (HF) apparatus test condition after 10 or 40 pg/kg, and only those that were
tested after 40 ng/kg showed an anxiogenic effect on the test day and a conditioned anxiogenic effect when tested undrugged 24 h later. Once
again, those injected with 40 pg/kg after the social interaction test displayed an anxiolytic effect when tested undrugged 24 h later. We
provide the first evidence for unconditioned and conditioned anxiogenic-like responses to a cannabinoid agonist in the social interaction test.

© 2004 Elsevier Inc. All rights reserved.
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1. Introduction

The motivation to use marijuana is thought to lie in part
on its ability to assuage symptoms of anxiety (Porter and
Felder, 2001), but cannabis users report feelings of anxiety
and panic reactions (Hall et al., 1994; Hall and Solowij,
1998) in equal measure to those of relaxation and euphoria
(Hall et al., 1994). It is possible that the reasons for this lie
in bidirectional effects of cannabinoids on anxiety, with
low doses having anxiolytic effects and high doses having
anxiogenic ones. The data from animal tests provide
further evidence of bidirectional modulation of anxiety
by the cannabinoid system. Low doses of the cannabinoid
receptor agonists, nabilone (Onaivi et al., 1990), CP
55,940 (Genn et al., 2003; Marco et al., in press), and
A’-tetrahydrocannabinol (THC) (Berrendero and Maldo-
nado, 2002), induced anxiolytic effects in the elevated
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plus maze and light—dark crossing tests. In contrast, high
doses of the cannabinoid agonist HU-210 produced anx-
iogenic responses in the defensive withdrawal test (Rodri-
guez de Fonseca et al., 1996) and enhanced emotional
responding to tactile stimulation (Giuliani et al., 2000),
whereas mid-high doses of CP 55,940 had anxiogenic
effects in the plus maze (Arévalo et al., 2001; Marin et
al., 2003; Marco et al., in press).

The cannabinoid receptor agonist CP 55,940 binds to
the brain cannabinoid CB; receptor with high affinity
(Herkenham et al., 1991) and has been shown to be
approximately 30 times more potent than THC (Little et
al., 1988). However, not all the behavioural effects of CP
55,940 seem to be mediated by the CB, receptor inasmuch
as the reduction in directed exploration in the holeboard
and the anxiogenic effect in the plus maze were not
reversed by the CB; receptor antagonist SR 141716A
(Arévalo et al., 2001; Romero et al., 2002). It has recently
been suggested that there is a role for a novel cannabinoid
receptor in the mediation of anxiety (Haller et al., 2002)
inasmuch as both wild type and CB; knockout mice show
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changes in anxiety in the plus maze in response to the
functional CB, receptor antagonist SR141716A. This an-
tagonist binds to the putative novel cannabinoid-sensitive
receptor (Haller et al., 2002), which constitutes a candidate
for the mediation of preserved effects of cannabinoids in
CB,; knockout mice (Jarai et al., 1999; Zimmer et al.,
1999; Di Marzo et al., 2000; Breivogel et al., 2001; Hajos
et al., 2001). It is therefore possible that different canna-
binoid receptors may mediate anxiety in different ways.
Evidence for an endogenous anxiolytic cannabinoid tone
comes from the intrinsic effects of the receptor antagonist
SR141716A. This drug has anxiogenic effects in the
defensive withdrawal and elevated plus maze tests in rats
(Navarro et al., 1997; Arévalo et al., 2001).

The anxiogenic effects of abused drugs may constitute
salient stimuli to which drug-associated negative symptoms
are classically conditioned. For example, the phenomenon
of test-specific conditioned anxiety to an anxiogenic dose
of nicotine has been demonstrated in both the social
interaction and the elevated plus maze tests (File et al.,
2002; Tucci et al., 2002). Other drugs of abuse, such as
cocaine (DeVries and Pert, 1998), produce a similar pattern
of conditioned anxiety, and this phenomenon has been
closely linked to cocaine’s abuse potential (Goeders, 1997,
2002).

The purpose of the present experiment was to explore
the possible bidirectional effects of CP 55,940 on anxiety
in the social interaction test (File, 1992; File and Seth,
2003), as well as whether anxiety could be conditioned to
a mid-high dose of the drug. In the social interaction test,
which models generalised anxiety disorder, the dependent
variable is the time spent in social interaction by pairs of
rats, and the anxiety generated by this test can be
manipulated by changing the light level and/or the rats’
familiarity within the test arena. The greatest level of
anxiety is generated when rats are tested in an unfamiliar
test arena that is lit by high light [high-light unfamiliar
(HU) test condition]. A moderate level of anxiety is
generated by testing rats in an arena with which they
have been familiarised, but which is lit by high light
[high-light familiar (HF) test condition]. The lowest level
of anxiety is generated by testing rats in a familiar arena,
lit by low light [low-light, familiar (LF) test condition].
Increases in social interaction are indicative of an anxio-
lytic effect, and decreases indicate an anxiogenic re-
sponse. To test for possible anxiolytic effects, we used
the HU and HF test conditions inasmuch as these con-
ditions generate low levels of social interaction in the
control group and are most sensitive to the effects of
anxiolytics (File and Hyde, 1978; File, 1980; File and
Seth, 2003). To test for possible anxiogenic effects, we
used the LF test condition, which generates the highest
level of social interaction and is most sensitive to anxio-
genic drug effects (e.g., File et al., 1982, 1988). Condi-
tioned anxiogenic effects were explored in both the LF
and HF test conditions.

2. Materials and methods
2.1. Animals

Male hooded Lister rats (Charles River, Margate, Kent,
UK) weighing 220-250 g were housed singly in
45 x 28 x 20-cm-high cages for 7 days prior to the start
of behavioural testing. All the cages were in racks that
allowed the rats to see, hear, and smell other rats. Food
and water were freely available to all the animals. The
room in which animals were housed was lit with dim light
and maintained at 22 °C. Lights were on from 0700—1900
h. The experimental procedures carried out in this study
were in compliance with the UK Animals (Scientific
Procedures) Act 1986 (Home Office Project Licence Num-
ber 70/5436).

2.2. Apparatus

The social interaction test arena was a 60 X 60-cm
wooden box, with 35-cm walls, and was lit by high light
or low light (300 or 30 lux, respectively). A camera was
mounted vertically above the arena, and the rats were
observed on a monitor in an adjacent room. The time
spent in social interaction (sniffing, following, and groom-
ing the partner, and boxing and wrestling) provided the
measure of anxiety and was scored by an observer who
was blind to the drug treatment. The interruption of
infrared beams from photocells mounted in the walls 3.5
cm from the floor provided an automated measure of
locomotor activity (File, 1980).

2.3. Drugs and chemicals

The cannabinoid receptor agonist CP 55,940 (Tocris,
UK) was dissolved in ethanol (BDH, Poole, UK)—cremo-
phor (Sigma, Poole, UK)—saline (1:1:18) in a volume of 1
ml/kg body weight. Control animals received equal volume
injections of the corresponding vehicle.

2.4. Experiment 1: effects of low doses of CP 55,940 in the
HU and HF test conditions

On the first test day, rats were allocated to pairs in such
a way that members of a pair did not differ in weight by
more than 10 g. Pairs of rats were randomly allocated
between four groups (n=8 pairs/group): vehicle, CP
55,940 2.5, 5, and 10 pg/kg. Rats were intraperitoneally
injected 30 min before testing. Both members of a pair
always received the same drug treatment.

The pairs of rats were placed in the test arena, and
social interaction was scored for 4.5 min by an observer
blind to drug treatment. Social interaction initiated by
either member of the pair was scored, resulting in a single
score for each pair of rats. Rats were tested between 0900
and 1300 h in an order randomised for drug treatment,
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and the test arena was cleaned with a paper towel after
each trial. On the first test day, the rats were tested in the
HU test condition, and they were then retested the
following day, after the same drug treatment, in the HF
condition.

2.5. Experiment 2: effects of mid-high doses of CP 55,940 in
the LF test condition

The rats were given two familiarisation trials in the test
arena on the days preceding the test. Pairs of rats were
randomly allocated between four groups (n=8 pairs/
group): vehicle, CP 55,940 10, 20, and 40 pg/kg. Rats
were intraperitoneally injected 30 min before testing, and
both members of a pair received the same dose. An
additional group (n=28) was tested undrugged and then
injected 5 min after the social interaction test with CP
55,940 (40 pg/kg).

To test for conditioned anxiety, the following groups of
rats were retested undrugged 24 h later: vehicle; CP 55,940
(40 pg/kg during testing); and CP 55,940 (40 pg/kg after
testing).

2.6. Experiment 3: conditioned anxiety in the HF test
condition

To further explore the possibility of a conditioned
anxiogenic effect to 40 pg/kg CP 55,940, pairs of rats
were randomly allocated between the following four
groups (n=28 pairs/group): vehicle; CP 55,940 (10 and
40 pg/kg during testing); and CP 55,940 (40 pg/kg after
testing on Day 1). On Day 2, all rats were tested
undrugged. The rats were tested under HF test conditions.
The purpose of this experiment was twofold. First, we
wished to replicate the unexpected anxiolytic effect found
in Experiment 2 in the group tested undrugged 24 h after
receiving the 40-ug/kg dose after testing on Day 1 and to
determine whether this effect could also be observed under
high-light test conditions. Second, we wished to determine
whether there would be any behavioural consequences
when rats were tested undrugged 24 h after testing on
Day 1 in the social interaction test with a nonanxiogenic
dose of CP 55,940 (i.e., 10 pg/kg). If an anxiogenic effect
were found on Day 2 in the 40-pg/kg group and not in the
10-pg/kg group, then this would provide further evidence
for a conditioned anxiogenic effect.

2.7. Statistics

The data from Experiment 1 were analysed using a
split-plot analysis of variance (ANOVA) with test arena
familiarity as the within-subjects variable and drug dose as
a between-subjects variable. The data from Experiments 2
and 3 were analysed by one-way ANOVAs with drug
treatment as the independent variable. Further comparisons
between individual groups were then made with Fisher’s

least squares difference (LSD) test. In cases where CP
55,940 changed both measures of anxiety and motor
activity, analyses of covariance (ANCOVAs) were con-
ducted to determine the independence of changes.

3. Results

3.1. Experiment 1: effects of low doses of CP 55,940 in the
HU and HF test conditions

The split-plot ANOVA revealed that there were no effects
of drug on the time spent in social interaction or on locomotor
activity [ F(3,28)<1.0, n.s. in both cases; see Table 1].
Neither were there significant Drug X Familiarity interac-
tions under these conditions on either social interaction
[F(3,28)=0.6, n.s.] or locomotor activity [F(3,28)=2.6,
n.s.]. However, there were significant effects of familiarity
to increase both social interaction [ £(1,28)=8.3, P<.01] and
locomotor activity [ F(1,28)=18.7, P<.01].

3.2. Experiment 2: effects of mid-high doses of CP 55,940 in
the LF test condition

When rats were tested in the LF test condition, CP
55,940 significantly reduced the time spent in social
interaction [ £(3,28)=8.9, P<.0005] and significantly de-
creased locomotor activity [ F(3,28)=11.0, P<.0001]. Post
hoc tests showed that both these decreases were solely due
to the 40-pg/kg dose, and therefore, an ANCOVA was
used to determine the independence of these two effects of
this dose. Following ANCOVA, both changes remained
significant [social interaction, F(1,13)=8.1, P<.05; loco-
motor activity, F(1,13)=4.8, P<.05], indicating that CP

Table 1
Effects of low doses of CP 55,940 on social interaction (Experiment 1) and
conditioned anxiety to a mid-high dose (Experiment 3, Day 1)

Experiment  Test Dose Time spent Locomotor
condition  (ng/kg) in social activity
interaction (s) (beam breaks)
1 HU Vehicle 1533 +13.2 2359+13.8
2.5 139.4+9.6 218.1 +£15.6
5 137.3 £ 18.1 210.1 = 14.9
10 1312+ 11.7 218.0+18.3
1 HF Vehicle 164.2+18.3 255.8+28.5
2.5 164.5+19.3 2814+ 174
5 188.4 +24.2 218.6 £ 12.3
10 177.7+13.4 280.3 +30.9
3 (Day 1) HF Vehicle 1143 +10.3 183.1 £25.0
10 1199+ 8.4 161.0 £ 19.5
40 66.5 + 10.5** 733 £10.2**

Mean ( £ S.E.M.) time (s) spent by pairs of rats (n=8 per group) in social
interaction and locomotor activity (beam breaks), tested 30 min after
interperitoneal injection with vehicle or CP 55,940 in the HU and HF test
conditions of the social interaction test. For results of ANCOVA, see text.

** P<.01, compared with control group, post hoc tests after ANOVA.
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55,940 40 pg/kg had an independent effect on both
measures (see Fig. 1).

When rats were retested undrugged in the social
interaction test on Day 2, there was a significant differ-
ence between the groups in the time spent in social
interaction [F(2,19)=16.9, P<.0001]—see Fig. 2. Post
hoc tests showed that the group that had been tested on
Day 1 after injection with CP 55,940 (40 pg/kg) spent
significantly less time in social interaction compared with
the group that had been tested after a vehicle injection on
Day 1, thus indicating a conditioned anxiogenic effect.
This reduction in social interaction could not be due to a
persisting drug effect inasmuch as the rats that had
received 40 npg/kg after the social interaction test on
Day 1 did not show this effect. Surprisingly, this group
also differed significantly from the control group but
showed a significant increase in the time spent in social
interaction, indicating an anxiolytic effect. There were no
group differences in the locomotor scores on Day 2
[F(2,19)=0.4, n.s.]—see Fig. 2.

3.3. Experiment 3: conditioned anxiety in the HF test
condition

When rats were tested on Day 1 in the HF test condition,
CP 55,940 significantly reduced both the time spent in
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Fig. 1. Effects of CP 55,940 on social interaction in LF condition
(Experiment 2). Mean ( £+ S.E.M.) time (s) spent in social interaction (upper
panel) and locomotor activity (number of beam breaks; lower panel) after
injection with CP 55,940 (10, 20, or 40 pg/kg ip) or vehicle 30 min before
testing. ** P<.01 compared with vehicle control group.
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Fig. 2. Effects of CP 55,940 on social interaction in LF condition
(Experiment 2). Mean ( = S.E.M.) time (s) spent in social interaction (upper
panel) and locomotor activity (number of beam breaks; lower panel) by
pairs of rats tested undrugged 24 h after CP 55,940 (40 pg/kg ip) or vehicle.
Injections were either given 30 min before testing (PRE) or immediately
after testing (POST) on the previous day. * P<.05, ** P<.01, compared
with vehicle control group.

social interaction [F(2,21)=9.0, P<.002] and locomotor
activity [F(2,21)=9.8, P<.0001]. Post hoc tests showed
that in both cases, the only group to differ significantly
(P<.01) from the vehicle control group was the group
tested after injection with CP 55,940 (40 pg/kg)—see Table
1. ANCOVAs were therefore conducted on the scores of
these two groups, and in both cases, the effect remained
significant [ F(2,20)=3.8, P<.05 for social interaction and
F(2,20)=3.9, P<.05 for motor activity].

When the rats were tested undrugged on Day 2, there
was again a significant effect on social interaction
[F(3,28)=12.3, P<.01], and post hoc tests showed that
the group previously tested on Day 1 after the 40-ug/kg
dose had significantly lower scores than the vehicle control
(P<.05), whereas the group previously tested on Day 1
after the 10-ug/kg dose did not differ from the vehicle
control group (see Table 2). The group that had been given
40 pg/kg after testing on Day 1 had significantly (P<.01)
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Table 2
Conditioned anxiety to a mid-high dose of CP 55,940 (Experiment 3,
Day 2)

Group Time spent Locomotor
in social activity
interaction (s) (beam breaks)
Veh 180.3 +16.2 183.0 + 27.7
10 Pre 169.9 + 6.8 166.9 + 18.4
40 Pre 1292+ 7.5% 158.0 + 19.1
40 Post 260.6 + 25.0 ** 237.4+28.1

Mean (= S.E.M.) time (s) spent in social interaction and locomotor activity
(beam breaks) of pairs of rats tested undrugged on Day 2 in the HF test
condition 24 h after previous testing on Day 1. Veh: Vehicle injection before
test on Day 1; 10 Pre: 10 pg/kg CP 55,940 injection before test on Day 1;
40 Pre: 40 pg/kg CP 55,940 injection before test on Day 1; 40 Post: rats
tested undrugged on Day 1 but receiving 40 pg/kg CP 55,940 immediately
after test.

* P<.05 compared with Veh group when all rats tested undrugged on
Day 2.

** P<.01 compared with Veh group when all rats tested undrugged on
Day 2.

higher scores than the vehicle control group on Day 2 (see
Table 2). There were no significant effects on locomotor
activity on Day 2 [F(3,28)=2.2, n.s.].

4. Discussion

We found no evidence for an anxiolytic effect in the
social interaction test following low doses of CP 55,940.
Thus, the effects in this test differ from those seen in the
elevated plus maze, in which anxiolytic effects have been
seen (Genn et al., 2003; Marco et al., in press). There is
evidence from factor analysis studies that the two tests
measure different states of anxiety (File, 1992) and consid-
erable evidence that they are mediated by different neuro-
biological pathways (Cheeta et al., 2000; File et al., 1996,
2000). This raises the interesting possibility that the canna-
binoid system may be differently involved in different
animal tests and in different states of anxiety.

Experiments 2 and 3 revealed for the first time clear
anxiogenic effects of a mid-high dose (40 pg/kg) of CP
55,940 in two conditions of the social interaction test.
However, as well as decreasing social interaction, this dose
also had an independent effect of decreasing locomotor
activity. In the social interaction test, social interaction and
locomotor activity have been dissociated both statistically
and pharmacologically. Amphetamine and caffeine reduced
social interaction but increased locomotor activity (File and
Hyde, 1979). Adrenocorticotropic hormone (ACTH; File
and Clarke, 1980), corticotropin-releasing factor (CRF)
(Dunn and File, 1987) and benzodiazepine receptor inverse
agonists (File et al., 1984) have been shown to decrease
social interaction without a concomitant decrease in loco-
motor activity. The reductions in social interaction and
locomotor activity induced by high doses of nicotine ad-
ministered intraperitoneally can be separated by ANCOVA.

The two effects are also dissociable following administra-
tion into dorsal hippocampus, where only social interaction
is decreased (File et al., 1998). The present results indicate
that the decreasing effects of CP 55,940 on social interaction
and locomotor activity can be dissociated statistically by
ANCOVA. Future work on the mechanisms underlying the
effects of this cannabinoid agonist on social interaction will
further clarify if the two effects can be dissociated pharma-
cologically. In this respect, it is worth mentioning previous
results from other behavioural tests. It has been reported that
the reduction of motor activity produced by higher doses of
cannabinoid receptor agonists is mediated by the CB,
subtype of cannabinoid receptor. However, the reduction
of directed exploration in the holeboard and the anxiogenic
effect in the plus maze caused by CP 55,940 were resistant
to reversal by the selective CB; antagonist SR 141716A
(Arévalo et al., 2001; Romero et al., 2002). We have
recently shown that the selective k-opioid receptor antago-
nist nor-binaltorphimine antagonised the anxiogenic effect
of CP 55,940 (75 pg/kg) in the plus maze, but it did not
reverse the decrease in holeboard activity induced by the
cannabinoid agonist (Marin et al., 2003). Moreover, the 5-
HT,, receptor antagonist WAY 100635 attenuated the
anxiogenic effect of CP 55,940 (50 pg/kg) in the plus maze
and antagonised its reducing effect on exploratory activity in
the holeboard. On the other hand, the decrease in rearing
(motor activity) induced by CP 55,940 in this latter test was
not modified by WAY 100635 (Marco et al., in press). These
results support the view that distinct mechanisms subserve
the effects of CP 55,940 on motor activity, exploration, and
anxiety.

There was evidence from Experiments 2 and 3 that
anxiety in the social interaction test could be conditioned
to the anxiogenic dose of CP 55,940, an effect similar to that
previously seen with nicotine (File et al., 2002). To see an
anxiogenic effect when rats were tested undrugged on Day
2, it was necessary for them to have experienced an
anxiogenic dose in the social interaction test on Day 1. It
was not sufficient to have separate experiences of the 40-pg/
kg dose and the social interaction test, and it was not
sufficient to have experience of a lower, nonanxiogenic
dose in the social interaction test. Further experiments will
be needed to determine the mechanisms mediating the
conditioned anxiogenic effect of CP 55,940, but CRF has
been shown to mediate conditioned anxiety to both nicotine
and cocaine (DeVries and Pert, 1998; Tucci et al., 2003).

The anxiogenic effect observed 24 h after testing in the
social interaction test was not due to a residual effect of CP
55,940 per se inasmuch as the rats that received CP 55,940
injections after test showed no such effect. The conditioned
anxiogenic response was sufficiently strong to overcome the
anxiolytic response that resulted in the social interaction test
simply from the drug injection 24 h earlier, as evidenced in
the group that received drug after testing on Day 1. Perhaps
the most important finding of this study was this unexpected
clear anxiolytic effect 24 h after a dose of 40 pg/kg, and this
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finding was replicated in Experiment 3 and thus was
observed under both low- and high-light test conditions of
the social interaction test. The two tests of anxiety also
differed in this phenomenon inasmuch as no effects were
observed in the plus maze in rats that had previously
received a home cage experience of CP 55,940 (40 pg/kg)
[unpublished data]. The striking anxiolytic effect could have
been mediated by an active metabolite of CP 55,940. An
incidental report of hyperdipsia and anorexia observed up to
24 h following administration of a dose of 100 pg/kg CP
55,940 gives credence to this idea (McGregor et al., 1996).
Inasmuch as, to our knowledge, there have been no explicit
attempts to identify and/or measure active metabolites 24
h after acute high doses of CP 55,940, this issue remains
unresolved. Although it is noteworthy that changes in
receptor number and/or function have been found after
chronic administration of CP 55,940 (Rubino et al., 1998),
it is less likely that a single injection could produce such
significant changes at the receptor level. However, it cannot
be assumed that the effects 24 h after a high dose of a
cannabinoid agonist would necessarily resemble those 30
min after administration of a low dose.

Our findings of this anxiolytic effect 24 h after CP
55,940 administration are somewhat similar to those of
Valjent and Maldonado (2000). They found a conditioned
place aversion with 5 mg/kg THC and no effect with 1
mg/kg using a standard protocol. However, if mice re-
ceived a priming dose of THC in their home cage 24
h before starting the place preference conditioning proce-
dure, they showed a place preference with 1 mg/kg THC
and no effect of 5 mg/kg THC. Although the paradigms
are very different, there is an important analogy with
respect to the present experiment. These authors avoided
place aversion (5 mg/kg THC) and revealed place prefer-
ence (1 mg/kg THC) by preventing the association of the
aversive reaction of the animals to the first exposure to the
drug, with the apparatus. In our case, an anxiolytic effect
of a relatively high dose of CP 55,940 is found 24 h after
its administration, if the drug is administered after the first
exposure to the apparatus, thus avoiding the association of
the short-term anxiogenic effect of the drug with the
apparatus, that is, with the context. Therefore, it is not
surprising that low doses of CP 55,940 have been associ-
ated with both conditioned place preference (20 pg/kg)
(Braida et al., 2001) and conditioned place aversion (10
pg/kg ) (McGregor et al., 1996), as the timing between
injection and pairing plays a large part in the expression of
these affective differences (Lepore et al., 1995).

In summary, the present results extend the anxiogenic
profile of CP 55,940 to unconditioned effects in the social
interaction test and to conditioned anxiety. Further experi-
ments will be necessary to elucidate the underlying mech-
anisms. In particular, it would be of interest to determine
whether k-opioid and 5-HT receptors are involved in the
anxiogenic effect in the social interaction test, as has been
found for the anxiogenic effect in the plus maze (Marin et

al., 2003; Marco et al., in press). It will also be of interest
to determine whether activation of CRF receptors underlies
the anxiety that can be conditioned to CP 55,940.
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