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Introduction
Research on episodic memory, that is remembering what hap-
pened, as well as where and when it happened, has been tradi-
tionally exploring memory systems that receive and store 
information about neutral episodes or events and their spatial and 
temporal contexts (Brown et al., 2010; Cannizzaro et al., 2005, 
2007; Chao et al., 2017). However, emotional events hold a privi-
leged status in memory. The enhancement of consciously acces-
sible memory for emotional stimuli, here called limbic memory, 
is an important prerequisite for successful goal-oriented behav-
iours (Christianson and Engelberg, 1997; LeDoux, 1992; 
Niendam et al., 2012; Ochsner and Gross, 2005; Ramirez et al., 
2015; Tonegawa et al., 2015).

Notwithstanding, in preclinical research the majority of studies 
into associative learning and memory have focused on spatial neg-
ative states, particularly fear, anxiety, and ‘stress’ (Lang et al., 
2000; Shin and Liberzon, 2010), relying on simple or variations of 
the classical Pavlovian conditioning procedure (Brancato et al., 
2016a; LeDoux, 2000). Comparatively, the impact of rewarding 
factors on memory processes has received less attention. Besides, 
consumption of reward (e.g. palatable food, mating, cocaine), or 
seeking for novelty produce hedonic consequences, that might ini-
tiate learning processes, consolidate value of emotional cues and 
promote associative emotional memory (Asensio et al., 2010; 
Harb et al., 2014; Kelley et al., 2005; Murphy et al., 2012; Peretto 
and Paredes, 2014; Wang et al., 2014; Wells et al., 2011).

Among the experimental approaches that have been used to 
study memory for natural and drug-related reward in laboratory 
animals, conditioning place preference (CPP) is one of the most 
popular (Bardo and Bevins, 2000; Trezza et al., 2011; Tzschentke, 
1998, 2007). The acquisition of preference for the compartment 
where the rewarding experience (sex intercourse, drug or food 
intake) took place has been interpreted as reward or drug-related 
memory. (Ågmo and Berenfeld, 1990; Harding and McGinnis, 
2004; Hughes et al., 1990; Kippin and Van der Kooy, 2003; 
Mehrara and Baum, 1990; Miller and Baum, 1987).

As a matter of fact, place conditioning is a relevant measure 
of reward such as intracranial self-stimulation, progressive ratio 
responding, sucrose intake, etc. (Cunningham and Zerizef, 2014; 
Forbes et al., 1996), that focuses on automatic or implicit reward-
evoked responses, rather than on the formation of declarative 
memory of rewarding experiences (Paredes, 2009). This complex 
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function is, instead, better explored by the object-female associa-
tion task as developed by Ramirez et al. (2015). More generally 
object conditioning with aversive or appetitive stimuli such as 
footshock, food, novel objects, or socio-sexual behaviour, could 
be used in addition to CPP because they provide an insight into 
explicit memory of emotional experiences (Brancato et al., 
2016a). Notably, reward modulates attention and memory forma-
tion, to a degree dependent on individual emotional traits (Cohen 
and Ranganath, 2005; Hahn et al., 2009).

In this regard, the interplay between the individual emotional 
milieu and the integration of value attribution and memory forma-
tion can be deeply affected by different psychotropic compounds 
(Cacace et al., 2011; Plescia et al., 2015) that produce aberrant 
behavioural responses to the environment (Brancato et al., 2014, 
2016b; Cacace et al., 2012; Cannizzaro et al., 2010; Volkow et al., 
2012). With relevance to this subject, research from both clinical 
and basic neuroscience shows that the brain’s endocannabinoid 
system plays a well-established role in the processing of aversive 
emotional memory. Moreover, considerable evidence links the 
cannabinoid system to the regulation of reward-related processing 
(Loureiro et al., 2015, 2016): specifically, CB1 receptor activation 
enhances CPP after methamphetamine-, nicotine- and morphine-
conditioning and is also essential for extinction of conditioned 
fear associations (De Carvalho et al., 2014; Fang et al., 2011; 
Karimi et al., 2013; Marsicano et al., 2002; Yu et al., 2009; Zhang 
et al., 2011).

Given these premises, the first aim of this research was to 
explore the formation of reward-related limbic memory, by taking 
advantage of the emotional-object recognition (EOR) test. This pro-
cedure is based on the association between an emotionally salient 
experience (i.e. the encounter with a receptive female rat) and an 
object, in order to assess rat’s ability to discriminate the ‘emotional 
object’, on the basis of the formation of positive limbic memory.

The second goal consisted in the evaluation of the activation 
of cannabinoid system on the encoding and retrieval of positive 
limbic memory, by the administration of the cannabinoid recep-
tor agonist WIN 55,212-2 (WIN). The specific involvement of 
the CB1 cannabinoid receptor was assessed by the pharmacologi-
cal pre-treatment with the CB1 receptor antagonist AM281 
(Plescia et al., 2013, 2014a), before WIN administration.

This research would contribute to assess whether specific 
drugs, or neuropsychological disturbances, might interfere with 
the formation of positive limbic memory traces, thus jeopardiz-
ing value attribution and adaptive behavioural responses.

Materials and methods

Animals

Male Wistar rats (Harlan, Udine, Italy; n = 78; weight: 250 ± 
20gm), which were experimentally and sexually naïve, were 
housed in pairs in standard rat cages (40 cm × 60 cm × 20 cm in 
height), with ad libitum access to water and food (Mucedola, 
Italy). The colony room was maintained under controlled envi-
ronmental conditions (temperature 22 ± 2°C; humidity 55 ± 5%) 
on a 12-h light/dark cycle. Animals were gently handled for 3 
min per day for a week before the experimental sessions.

Rats were individually housed, in order to acclimatise to their 
single home cages for 3 days, before they would encounter a recep-
tive female rat, which was selected by visual identification of the 
vaginal opening in pro-oestrus or oestrus (Byers et al., 2012).

On the test day, animals were brought into the laboratory 60 
min before the experimental sessions. The experiments were car-
ried out in sound-isolated rooms between 9:00 and 17:00. Animal 
performance was recorded on videotape and monitored in an 
adjacent room. All the experiments were conducted in accord-
ance with the regulations of the Committee for the Protection and 
Use of Animals of the University of Palermo, Italy, in accordance 
with current Italian legislation on animal experimentation (D.L. 
116/92) and the European Directive (2010/63/EU) on the care 
and use of laboratory animals. All efforts were made to minimise 
the number of animals used, and possible distress.

Drugs

The cannabinoid agonist WIN 55, 212-2 mesylate (WIN; Tocris 
Bioscience, UK) and the CB1 receptor antagonist AM281 
(Sigma, Italy) were initially dissolved in 3% ethanol; followed by 
3% Tween 20 and 94% saline (Cannizzaro et al., 2016). WIN was 
administered intraperitoneally (i.p.) at a dose of 1 mg/kg (volume 
of 1 mL/kg), 30 min before the cued reward-conditioned learning 
session (pre-conditioning WIN) or 30 min before the EOR exper-
iment (post-conditioning WIN). WIN dosage was chosen on the 
basis of previous studies (Brancato et al., 2016; Darmani, 2001; 
Järbe, 2006), in order to avoid unspecific effects due to neural 
and locomotor impairment (Rizzo et al., 2014). AM281 was 
administered i.p. at a dose of 2 mg/kg, 30 min before WIN 
(Suenaga and Ichitani, 2008). Control rats received the same vol-
ume of vehicle at the same time points (1 mL/kg).

Emotional-object recognition (EOR) test

Positive limbic memory was explored by using a cued reward-
conditioned learning task, here named the EOR test (modified 
from Ramirez et al., 2015). It is composed of two following ses-
sions: cued reward-conditioned learning and emotional-object rec-
ognition. The procedure is schematically summarised in Figure 1.

The EOR test employed two distinct contexts placed in different 
rooms. The Context A chamber was a rectangular arena with a white 
floor, 100 cm long, 30 cm wide and 43 cm high. A left and a right 
zone (40 × 30 cm) on both ends of the Context A chamber, as well as 
a neutral zone in the centre of the box (20 × 30 cm) represented the 
arena setting. The Context B chamber was the rat’s home cage.

All rats were allowed into the Context B chamber for object 
habituation and cued reward-conditioned learning; the Context A 
chamber was employed for the EOR experiment. Rat behaviour 
was recorded and analysed by ANY MAZE Video Tracking 
System (Ugo Basile, Italy).

Two nontoxic hard-plastic objects, a pepper (3 × 3 × 4 cm) and 
a ball (3.5 cm diameter), were used and counterbalanced: the tar-
get object/emotional object appeared on both cued reward-condi-
tioned learning and during EOR; the novel object was introduced 
during the EOR experiment, together with the emotional object.

Experimental procedure

Cued reward-conditioned learning. All rats were carried in the 
middle of a well-lit room into their home cages (Context B cham-
ber). The target object was introduced into the cages and rats 
explored it for 3 min. Afterwards a receptive female rat, was 
introduced in the Context B chamber and remained there for 27 
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min in the presence of the target object that is consequently 
named ‘emotional object’. The use of the animal home cage 
assured a comfortable environment for reward-conditioning.

30 min after the beginning of the session, the emotional object 
and female rat were removed and male rats returned to their hold-
ing room for a retention interval of 4 h.

Emotional-object recognition

At 4 h after the cued reward-conditioned learning, animals (R 
group) were put in the neutral zone of the empty Context A cham-
ber and allowed to explore freely for 5 min. The tracking soft-
ware monitored the amount of time that they spent in each 
compartment (baseline; BSL). Each rat’s least preferred compart-
ment was assigned to be the emotional-object paired compart-
ment. Afterwards, the Context A chamber was customised with 
two nontoxic objects that were placed against the end walls of the 
left and the right zones of the arena: the least favourite zone, or 
target zone, hosted the emotional object experienced during cued 
reward-conditioned learning; a novel object was placed in the 
favourite zone of the chamber. This strategy helps the experi-
menter to nullify the interference of spatial preference with the 
exploration of the emotional object.

Both objects were thoroughly cleaned to prevent olfactory cues. 
Rats were allowed to explore the objects from min 5 to 8 (epoch 
ON-1) and from min 11 to 14 (epoch ON-2). During min 8 to 11, the 
objects were removed from the arena (epoch OFF). Finally, rats 
were placed in their home cages and sent back to the holding room. 
At the end of each experimental session both the objects and the 
arena were cleaned with a 70% solution of isopropanol. Time spent 
on exploring objects and zones was recorded along the epochs using 
the ANY MAZE Video Tracking System (Ugo Basile, Italy). Object 
exploration time was quantified as duration of rat approach to the 
objects within a 2 cm2 area around the objects (Plescia et al., 2014b).

The target-zone preference rate referred to the increase in the 
time spent in the target zone hosting the emotional object, over 
the time spent on both left and right zones, expressed as a per-
centage, with respect to the BSL. The difference score ON-BSL 
was measured as the difference between the total time in the tar-
get zone during ON (ON-1 + ON-2) and time in the target zone 
during BSL. The EOR index (time spent on emotional object / 
time spent on novel + emotional- object) was calculated and 
expressed as a normalised value to the average reference values 
of respective control groups.

Experiment 1. EOR test – validation. In order to establish 
whether the acquisition of reward-associated memory traces 
occurred in the R group, another batch of male rats did not expe-
rience the female encounter and was only exposed to the ‘target 
object’ during the conditioned learning experiment (no reward; 
NoR group). In the EOR experiment, the NoR group’s preference 
for the familiar target object and the target zone was recorded in 
the presence of a novel object.

Target-object exploration time, target-object recognition 
index, target-zone preference rate and difference score ON-BSL 
were compared with the R group’s approaching behaviour to the 
emotional object in the EOR experiment (n = 10 per group).

Moreover, in order to control the effect of female receptiv-
ity, a third batch of male rats (n = 10) was exposed to nonrecep-
tive female rats, which were not in pro-oestrous or oestrous 
stage (Byers et al., 2012) during the cued reward-conditioned 
learning. Their behavioural pattern in the cued reward-condi-
tioned learning and in the EOR test was compared with the R 
group’s.

Experiment 2. Effects of WIN on positive limbic memory in 
the EOR test. In order to assess the consequences of cannabi-
noid system stimulation on acquisition or retrieval of reward-
associated memory traces in the EOR test, male rats were 
administered with WIN (1 mg/kg i.p.) or vehicle (VEH) 30 min 
before the cued reward-conditioned learning (pre-conditioning 
time), or 30 min before the EOR experiment (post-conditioning 
time) (n = 8 per group). Target-object exploration time, target-
object recognition index, target-zone preference rate and differ-
ence score ON-BSL were assessed in Context A chamber.

The specificity of WIN effect on positive limbic memory was 
also tested through the pharmacological inhibition of CB1 signal-
ling 30 min before WIN administration, by means of AM281 pre-
treatment (2 mg/kg, i.p.).

The occurrence of nonspecific effects of pre-conditioning 
WIN during the cued reward-conditioned learning was assessed 
by measurement of the duration of anogenital sniffing towards 
the female rat and object exploration during the cued reward-
conditioned learning experiment from the video records, as 
measures of socio-sexual behaviour (Chu and Ågmo, 2015) and 
object exploratory behaviour, respectively.

Experiment 3. Behavioural reactivity assessment. Potential 
motor impairment, which might be due to the encounter with the 
female rat or to WIN administration (at pre- and post-condition-
ing time), was assessed during 5 min-epoch BSL by ANY MAZE 
(Ugo Basile, Italy). The apparatus, which produces a quali-quan-
titative mapping of the locomotor pattern, measured total dis-
tance travelled (m).

Figure 1. Schematic summary of the emotional-object recognition 
test.
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Statistical analysis

All data were expressed as mean ± SEM, unless differently indi-
cated. The differences in object exploration time were evaluated 
by a two-way analysis of variance (ANOVA). The differences in 
target-zone preference rate along the test epochs were assessed 
by two-way ANOVA for repeated measures (RM two-way 
ANOVA). The EOR index, difference score ON-BSL, anogenital 
sniffing and object exploration during the cued reward-condi-
tioned learning, and total distance travelled were analysed by a 
two-tailed Student’s t test for unpaired measures, one-way 
ANOVA and two-way ANOVA, when appropriate. A Bonferroni 
post-hoc test was employed when necessary (α = 0.05). 
Differences were considered statistically significant if p < 0.05.

Results

Experiment 1. EOR test: Validation

Object exploration. We observed significant differences in the 
rats’ exploration of the target object according to their pairing, or 
not, to the female encounter.

In particular, a two-way ANOVA on object exploration time, 
including reward-conditioning as the between-subject factor and 
object valence (novel versus familiar for the NoR group; emo-
tional versus novel for the R group) as the within-subject factor, 
highlighted a significant effect of reward-conditioning (F(1, 36) = 
12.00, p = 0.0014), object valence (F(1, 36) = 52.86, p < 0.001) and 
their interaction (F(1, 36) = 58.80; p < 0.001). As expected, the NoR 
group spent significantly more time exploring the novel object 
then the target one (t = 10.56; p < 0.001). On the other hand, the R 
group displayed a significant decrease in novel object-exploration 
time (t = 7.872; p < 0.001) and a significant increase in emotional-
object exploration time (t = 2.972, p = 0.0315) with respect to 
NoR group rats (Figure 2(a)). The acquisition of the reward-object 
association was also proven by the EOR index, expressed as nor-
malisation to reference average value from NoR group rats: R 
group rats showed a significantly higher EOR index with respect 
to the NoR group (t = 10.73; p < 0.001; df = 18) (Figure 2(b)).

The effects of female receptivity in the cued reward-condi-
tioned learning and in the EOR test are reported in Table 1. When 
male rats were presented with a receptive female during the cued 
reward-conditioned learning, they showed a significant increase 
in socio-sexual behaviour, in terms of anogenital sniffing than 
when in the presence of a nonreceptive female rat (p < 0.001, t = 
7.556, df = 18, two-tailed Student’s t test). No differences in the 
exploration time of the target object were observed. When limbic 
memory was assessed in the EOR experiment, a two-way 
ANOVA showed significant effects of receptive female rat (F(1, 

36) = 13.31, p = 0.0008), object valence (F(1, 36) = 6.288, p = 
0.0168) and their interaction (F(1, 36) = 8.931, p = 0.005). In par-
ticular, rats exposed to the receptive female significantly 
increased the exploration of the emotional object (t = 4.693, p = 
0.0002, Bonferroni post-hoc test) and displayed a higher EOR 
index (p < 0.001, t = 6.7118, df = 18, two-tailed Student’s t test) 
compared with male rats exposed to a nonreceptive female.

Target-zone preference. The nonpreferred zone of the Context A 
chamber was determined during epoch BSL for each animal, and 
the analysis of this behaviour showed neither effect of chamber’s 

side nor significance among the animals. The nonpreferred zone 
was paired with the emotional (or target) object afterwards, and 
became the target zone. We recorded that significant differences in 
rats’ preference for the target zone were dependent on the acquisi-
tion of the association between the rewarding experience with the 
receptive female rat and the target object.

In particular data analysis on the target-zone preference rate 
along the test epochs, with reward-conditioning as the between-
subject factor and the test epoch as the repeated-measure within-
subject factor, showed a significant effect of reward-conditioning 
(F(1, 18) = 17.00; p = 0.0006), test epoch (F(3, 54) = 2.777, p = 
0.0499) and their interaction (F(3, 54) = 6.056; p = 0.0012). 
Bonferroni post-hoc test revealed that NoR group rats did not 
significantly modify their zone preference after the presentation 
of the objects, and maintained a target-zone preference rate 
around zero along the test epochs. Notably, R group rats progres-
sively increased their target-zone preference rate at the presenta-
tion of the objects, with a significant increase during epoch OFF 
and epoch ON-2 with respect to BSL (t = 3.280, p = 0.0055; t = 
4.236, p = 0.0003). When the effect of reward-conditioning was 
analysed, Bonferroni post-hoc test showed that R group rats dis-
played higher target-zone preference rate than NoR group rats 
during epoch OFF and ON-2 (t = 2.863, p = 0.0220; t = 5.370, p 
< 0.001) (Figure 2(c)). A Student’s t test on the difference score 
ON-BSL also showed a higher score in the R group compared 
with NoR group rats (t = 7.564, p < 0.001, df = 18) as a result of 
the longer time spent in the target zone in the presence of the 
emotional object (Figure 2(d)).

Experiment 2. Effects of WIN on positive 
limbic memory in the EOR experiment

Object exploration. We observed significant differences in rat 
approach behaviour to the emotional object as a consequence of 
the timing of WIN administration.

Drug administration at pre-conditioning time. When 
WIN was administered 30 min before the cued reward-condi-
tioned learning, results of a two-way ANOVA on object explora-
tion time, including treatment as the between-subject factor and 
object valence (emotional versus novel) as the within-subject 
factor, showed a significant effect of the interaction between 
treatment and object valence (F(2, 42) = 19.08, p < 0.0001). The 
WIN group spent significantly longer time on the exploration of 
the emotional object than on the exploration of the novel one 
(t = 6.047, p < 0.001). With reference to between-group differ-
ences, WIN rats displayed a significant decrease in the explora-
tion of the novel object, when compared with the VEH group (t 
= 2.563, p = 0.0422), this effect being prevented by AM281 pre-
treatment. AM281 + WIN rats showed no differences compared 
with VEH rats (t = 0.6030, p > 0.999) and a significant increase 
in novel object exploration time, with respect to the WIN group 
(t = 3.166, p = 0.0086). Moreover, the WIN group showed a sig-
nificant increase in the exploration of the emotional object, with 
respect to VEH rats (t = 3.736, p = 0.0017). Again, when rats 
were pre-treated with AM281, they showed no significant differ-
ences with respect to the VEH group (t = 1.491, p = 0. 4304) and 
a significant decrease in emotional-object exploration time when 
compared with the WIN group (t = 5.226, p < 0.001; Figure 3(a)).
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Figure 2. Emotional-object recognition test: Validation. Male rats were either exposed to the female encounter (reward; R group) or not (no reward; 
NoR group) during the cued reward-conditioned learning phase, and tested for positive limbic memory in the emotional-object recognition test. 
Effects of reward-conditioning on: (a) object exploration time; (b) emotional-object recognition index, expressed as normalisation to reference 
average value from NoR group rats; (c) target-zone preference rate, referring to the increase in the percentage of time spent in the target zone with 
respect to BSL; (d) difference score ON-BSL (i.e. the difference between target-zone time during ON (ON-1 + ON-2) and target-zone time during 
BSL). Each value represents the mean ± SEM of 10 rats. Each box-and-whisker plot represents the median (horizontal line in the box), 25–75% (box) 
and min-to-max (whiskers) values of 10 rats.
*p < 0.05;
***p < 0.001 versus respective NoR value;
°°°p < 0.001 versus novel NoR;
§p < 0.05 versus emotional NoR;
^p < 0.05;
^^^p < 0.001 versus respective BSL.
BSL: test epoch baseline; NoR: no reward; R: reward; SEM: standard error of the mean.

Table 1. Effects of female receptivity in the cued reward-conditioned learning and in the emotional-object recognition experiment.

Cued reward-conditioned learning Nonreceptive female Receptive female

Socio-sexual behaviour  
Anogenital sniffing (s) 90.7 ± 27.1 180.7 ± 26.2 ***

Object exploratory behaviour  
Object exploration (s) 135.0 ± 27.2 133.7 ± 19.3
Emotional-object recognition  
Object exploration time  
Emotional-object exploration (s) 6.7 ± 4.3 26.0 ± 12.1 ***

Novel object exploration (s) 22.7 ± 1.6 24.5 ± 13.1
Emotional-object recognition index 1.4 ± 0.9 3.5 ± 0.5 ***
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Drug administration at post-conditioning time. When 
WIN was administered 30 min before the EOR experiment at 
post-conditioning time, a two-way ANOVA on object exploration 
time, including treatment as the between-subject factor and object 
valence (emotional versus novel) as the within-subject factor, 
indicated a significant effect of object valence (F(1, 42) = 8.130, p = 
0.0067) and the interaction between treatment and object valence 
(F(2, 42) = 8.604, p = 0.0007). Post-conditioning WIN rats showed 
a significant decrease in the exploration of the emotional object, 
with respect to the novel one (t = 4.803, p < 0.0001). Moreover, 
post-conditioning WIN rats increased novel object exploration 
time with respect to VEH rats (t = 4.170, p = 0.0004); this effect 
was not observed when rats were pre-treated with AM281. In 
fact, post-conditioning AM281 + WIN rats showed no differences 
with respect to VEH rats (t = 1.176, p = 0.7388) and a significant 
decrease in novel object exploration time, when compared with 
WIN group (t = 2.994, p = 0.0138; Figure 3(b)).

Effect of drug administration time. A two-way ANOVA on 
object exploration time following pre- and post-conditioning WIN 
administration, including administration time as the between-subject 
factor and object valence (emotional versus novel) as the within-
subject factor, showed a significant effect of the interaction between 
administration time and object valence (F(1, 28) = 44.19, p < 0.001). 
In particular, post-conditioning WIN administration decreased the 
exploration time of the emotional object (t = 4.068, p = 0.0021) and 
increased the exploration time of the novel object (t = 5.333, p < 
0.0001) with respect to pre-conditioning WIN administration.

When the effect of pre- and post-conditioning WIN was 
assessed on the EOR index, a two-way ANOVA with treatment as 
the between-subject factor and administration time as the within-
subject factor, indicated a significant effect of administration 
time (F(1, 42) = 8.254, p = 0.0064) and the interaction between 
treatment and administration time (F(2, 42) = 11.32, p = 0.0001). In 
particular, pre-conditioning WIN administration significantly 
increased the EOR index when compared with pre-conditioning 
VEH (t = 2.965, p = 0.0149); whereas pre-conditioning AM281 + 
WIN rats showed no differences with respect to VEH rats (t = 
0.9197, p > 0.999) and a decreased EOR index with respect to the 
WIN group (t = 3.884, p = 0.0011). On the other hand, post-con-
ditioning WIN rats showed a significantly decreased EOR index 
with respect to post-conditioning VEH rats (t = 3.057, p = 
0.0116). Moreover, while no differences were observed between 
pre- and post-conditioning VEH administration (t = 0.4860, p > 
0.999), and between pre- and post-conditioning AM281 + WIN (t 
= 0.07385, p > 0.999) treatment, post-conditioning WIN rats dis-
played a decreased EOR index (t = 5.536, p < 0.0001) when com-
pared with the pre-conditioning WIN group ( Figure 3(e)).

Target-zone preference. According to the previous experi-
ment, we observed that significant differences in rat preference for 
the target zone were dependent on the timing of WIN administration.

Drug administration at pre-conditioning time. When WIN 
was administered 30 min before the cued reward-conditioned learn-
ing, the effect of the pre-conditioning treatment on target-zone pref-
erence rate, was analysed by a RM two-way ANOVA, including 
pre-conditioning treatment as the between-subject factor and test 
epoch as the repeated-measure within-subject factor. The analysis 
showed a significant effect of treatment (F(2, 21) = 6.281; p = 0.0073) 

and test epoch (F(3, 63) = 24.08; p < 0.0001). Notably, at the pres-
entation of the emotional object, rats progressively increased their 
target-zone preference along the test epochs. In particular, VEH 
rats increased their target-zone preference rate on epochs ON-1 (t = 
2.556, p = 0.0490), OFF (t = 3.168, p = 0.0071) and ON-2 (t = 3.834, 
p = 0.0009) with respect to BSL values; WIN rats displayed an even 
higher target-zone preference rate on epochs ON-1 (t = 5.108, p 
< 0.0001), OFF (t = 5.842, p < 0.0001) and ON-2 (t = 5.729, p < 
0.0001) with respect to BLS values, and significantly higher values 
than VEH on epoch ON-1 (t = 2.497, p = 0.0434) and OFF (t = 2.505, 
p = 0.0425). The WIN effect on target-zone preference rate was actu-
ally prevented by AM281 pre-treatment, that decreased target-zone 
preference rate on epochs ON-1 (t = 3.108, p = 0.0077) and ON-2 
(t = 2.474, p = 0.0461) with respect to WIN values ( Figure 3(c)).

Drug administration at post-conditioning time. When 
WIN was administered 30 min before the EOR experiment (post-
conditioning), a RM two-way ANOVA on target-zone preference 
rate, considering post-conditioning treatment as the between-sub-
ject factor and test epoch as the repeated-measure within-subject 
factor, highlighted a significant effect of treatment (F(2, 21) = 10.27; 
p = 0.0008), test epoch (F(3, 63) = 11.35, p < 0.001) and their interac-
tion (F(6, 63) = 2.426, p = 0.0358). VEH rats increased their target-
zone preference rate during ON-1, OFF and ON-2 with respect 
to BSL (t = 2.889, p = 0.0159; t = 4.987, p < 0.001; t = 3.437, 
p = 0.0031) whereas WIN rats did not modify their target-zone 
preference rate at the presentation of the objects and showed lower 
values on epoch OFF (t = 3.665, p = 0.0013) and ON-2 (t = 3.613, 
p = 0.0015) compared with VEH. The WIN effect on target-zone 
preference rate was prevented by AM281 pre-treatment, which 
increased target-zone preference rate during epoch ON-1 (t = 
2.553, p = 0.0375) and ON-2 (t = 3.879, p = 0.0006) ( Figure 3(d)).

Effect of drug administration time

A RM two-way ANOVA on target-zone preference rate compared 
data from pre- and post-conditioning WIN-administered rats. WIN 
administration time was the between-subject factor and test epoch 
was the repeated-measure within-subject factor. The analysis 
showed a significant effect of WIN administration time (F(1, 14) = 
24.06, p = 0.0002), test epoch (F(3, 42) = 5.986, p = 0.0017) and their 
interaction (F(3, 42) = 3.918, p = 0.0149): post-conditioning WIN 
decreased target-zone preference rate during epochs ON-1 (t = 
2.913, p = 0.0205), OFF (t = 3.391, p = 0.0064) and ON-2 (t = 
4.506, p = 0.001), when compared with pre-conditioning WIN.

When the effect of pre- and post-conditioning WIN was 
assessed on the difference score ON-BSL, two-way ANOVA con-
sidering treatment as the between-subject factor and administra-
tion time as the within-subject factor, revealed a significant effect 
of administration time (F(1, 42) = 4.588, p = 0.0381) and interaction 
between treatment and administration time (F(2, 42) = 9.452, p = 
0.0004). In particular, Bonferroni post-hoc test highlighted an 
increase in difference score ON-BSL in pre-conditioning WIN 
group when compared with post-conditioning WIN rats (t = 4.571, 
p = 0.0006). Moreover, a significant decrease in the difference 
score ON-BSL in post-conditioning WIN rats was observed with 
respect to post-conditioning VEH (t = 3.210, p = 0.0381) and post-
conditioning AM281 + WIN group (t = 4.034, p = 0.0034). AM218 
+ WIN rats did not display significant differences in difference 
score ON-BSL with respect to VEH rats ( Figure 3(f)).
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Socio-sexual and object exploratory 
behaviour

When WIN was administered at pre-conditioning time, no sig-
nificant effects on male rats’ behaviour were recorded. In par-
ticular, the analysis of data from anogenital sniffing of the 
female rat and object exploration during the cued reward-condi-
tioned learning showed no significant differences between the 
WIN and VEH groups (Table 2).

Experiment 3. Behavioural reactivity 
assessment

In order to assess whether the emotional experience altered 
male rats’ behavioural reactivity, locomotor activity during 
epoch BSL in the EOR experiment was measured. A one-way 
ANOVA indicated no significant effect of female receptivity on 
total distance travelled among the three experimental groups 
(F(2, 27) = 0.1573, p = 0.8553).

Figure 3. Effects of WIN in the emotional-object recognition test. (a) Effects of pre-conditioning WIN administration on object exploration time; 
(b) effects of post-conditioning WIN administration on object exploration time; (c) effects of pre-conditioning WIN administration on target-zone 
preference rate; (d) effects of post-conditioning WIN administration on target-zone preference rate; (e) effects of pre- and post-conditioning WIN 
administration on emotional-object recognition index, expressed as normalisation to reference average value from pre-conditioning VEH rats; (f) 
effects of pre- and post-conditioning WIN administration on difference score ON-BSL (i.e. the difference between target-zone time during ON (ON-1 
+ ON-2) and target-zone time during BSL). Each bar represents the mean ± SEM of eight rats. Each box-and-whisker plot represents the median 
(horizontal line in the box), 25–75% (box) and min-to-max (whiskers) values of eight rats.
* p < 0.05;
** p < 0.01;
***p < 0.001 versus respective VEH;
°°° p < 0.001;
# p < 0.05;
## p < 0.01;
### p < 0.001;
^ p < 0.05;
^^ p < 0.01;
^^^p < 0.001 versus BSL;
@ p < 0.05;
@@ p < 0.01 versus WIN.
BSL: test epoch baseline; VEH: vehicle; WIN: WIN 55,212-2.
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Moreover, in order to control for potential WIN-induced 
motor impairment that might affect rat reactivity during the EOR 
test, locomotor activity of pre- and post-WIN and VEH rats at 
BSL was measured. A two-way ANOVA on total distance trav-
elled showed no significant effect of WIN treatment (F(1, 28) = 
0.038, p = 0.8468), administration time (F(1, 28) = 0.02408, p = 
0.6275) or their interaction (F(1, 28) = 1.25, p = 0.2731).

Discussion
The current study explored the acquisition of positive limbic 
memory in male rats, in a cued reward-conditioned learning task, 
and the effect of the activation of cannabinoid signalling, by the 
administration of WIN, a cannabinoid receptor agonist.

In the present experimental conditions, the reward-condition-
ing consisted in exposing male rats to an encounter with a recep-
tive female rat in the presence of a target object. The association 
with the positive experience turned the target object into an 
‘emotional object’ because of the formation of positive limbic 
memory (Ramirez et al., 2015).

The recognition of the emotional object as a ‘rewarding mem-
ory’ was measured by the animal’s approach towards it, in the face 
of the presence of a novel object. Indeed, novelty is attractive, may 
actually represent a form of intrinsic reward and also interacts with 
reward motivation inducing approach behaviour (Corr, 2004; Krebs 
et al., 2009). When in the presence of both a familiar but emotion-
ally salient object and a totally novel one, the R group spent the 
same amount of time on the exploration of each object. This result 
suggests that the acquisition and retrieval of the reward-object asso-
ciation subtracted value to novelty exploration, increasing the 
approach behaviour to the familiar emotional object, and witnesses 
the functioning of rat discriminative processes that follow the for-
mation of reward limbic memory. It is not the scope of this research 
in establishing a graduation of salience between natural reinforce-
ments (novelty versus socio-sexual-related memory), rather high-
lighting the higher motivational valence of the emotional object 
observed in the R group with respect to the familiar valence of the 
NoR target object displayed by NoR group rats. Indeed, as expected, 
when the object was not paired with the female rat, and then was not 
acquired as an emotional object, its incentive value was lower than 
a novel object and rats were driven by novelty-seeking and strongly 
preferred the novel object. Furthermore, when male rats were 
exposed to a nonreceptive female rat, socio-sexual behaviour 
decreased, as well as emotional object exploration and recognition, 
pointing at female receptivity as the critical factor in the acquisition 
of the positive value of the emotional object.

The EOR experiment was carried out in a separate setting 
than the cued reward-conditioned learning in order to distinguish 

the valence of the emotional object from the valence of the loca-
tion. Since we employed a single-trial conditioning procedure, 
we took advantage of a biased stimulus-place association (Prus 
et al., 2009) in order to maximize the potential shift in place pref-
erence and unveil subtle changes in animal behavioural response 
(Bozarth, 1987). In fact, once the animals exhibited their indi-
vidual innate preference for one side of the Context A chamber, 
the nonpreferred zone, called the target zone, hosted the emo-
tional object. Notably, the positioning of the emotional object 
inverted the preference for the target zone of the Context A cham-
ber; from being the least preferred during epoch BSL, it became 
the most visited afterwards.

This result suggests that animals responded actively to the 
manipulations of the environment and that motivational factors 
positively influence the integration and discrimination of intrin-
sic emotional inputs and explicit cognitive cues in the EOR test. 
Actually, the animals exploited their ability of memorising and 
discriminating the objects on the basis of their visual sensory 
competence, which was integrated with emotional elaboration 
and attribution of incentive salience. The employment of the 
EOR test enhances the investigation of emotional memory, and 
integrates the information obtained by conditioned place prefer-
ence/aversion experiments, where reward or fear-related 
responses might be blunted by drug effects or relevant environ-
mental cues (Cunningham and Zerizef, 2014).

When it comes to defining the neurobiological basis of mem-
ory formation, it is increasingly clear that the framework is com-
plex and depends on several factors, such as the nature of the task 
(emotional or non-emotional), the memory stage investigated 
(acquisition, retrieval and extinction), and the experimental 
model. Among the main neurochemical modulators involved, 
cannabinoids exert relevant effects on memory and the underly-
ing neural plasticity, with reports of both memory impairments 
on non-emotional memory (such as spatial learning) and memory 
facilitation when an emotional valence is involved (such as 
extinction learning) (Akirav, 2011; Chhatwal and Ressler, 2007).

Therefore, in this study, we aimed to investigate the conse-
quences of the variation in the relationship among the internal 
emotional milieu, rewarding positive experience and explicit 
memory by the stimulation of cannabinoid signalling.

Our present results show that, when administered systemically 
at pre-conditioning time, WIN 55,212-2, a widely used nonselec-
tive cannabinoid agonist (Citraro et al., 2016; Florek-Luszczki 
et al., 2014), employed at a dose that does not impair behavioural 
reactivity (Brancato et al., 2016; Darmani, 2001; Järbe, 2006), 
induced a significant enhancement in the approach behaviour to 
the emotional object in the face of a reduction in the exploration of 
the novel object. Moreover, pre-conditioning WIN-treated rats 

Table 2. Effects of WIN on socio-sexual and object exploratory behaviour during the cued reward-conditioned learning.

Measures VEH WIN p-value t; df

Mean ± SEM

Socio-sexual behaviour  
 Anogenital sniffing (s) 170.7 ± 14.9 199.0 ± 5.6 ns t = 1.78; df = 14
Object exploratory behaviour  
 Object exploration (s) 119.5 ± 20.8 144.3 ± 6.1 ns t = 1.14; df = 14

df: degrees of freedom; ns: not significant; SEM: standard error of the mean; VEH: vehicle; WIN: WIN 55,212-2.
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increased their preference for the target zone when it hosted the 
emotional object at a higher rate than VEH rats. This evidence sug-
gests that the activation of cannabinoid signalling facilitated the 
formation of memory traces of the emotional object, likely by 
enhancing the value of the association between the rewarding stim-
ulus and the object and prioritising this information above the 
incentive value of novelty. The WIN effect seems to be mediated 
by its activity on CB1 receptors, since the administration of the 
CB1 antagonist AM281 was able to counteract WIN impact on 
rewarding limbic memory.

Interestingly, when WIN was administered at post-condition-
ing time, rats spent a shorter time in the exploration of the emo-
tional object with respect to the novel one, suggesting that 
post-conditioning cannabinoid stimulation might dampen the 
retrieval of the association between the positive emotional expe-
rience and the object. Again, the pre-treatment with CB1 antago-
nist AM281, prior to post-conditioning WIN administration, was 
able to counteract the WIN effect on object recognition, further 
pointing to CB1 signalling as the pathway involved in the modu-
lation of reward-related limbic memory.

However, the idea that the post-conditioning timing of can-
nabinoid system stimulation, rather than impairing retrieval of 
retrograde memory traces, might determine an upgrade in positive 
value attribution for a subsequent motivational experience (i.e. 
novelty exploration), cannot be ruled out. Thus, it is intriguing to 
speculate that CB1 receptor activation prior to the exposure to a 
positive natural stimulus, is able to potentiate its incentive motiva-
tional connotation whatever its original value. Further studies on 
the neurobiological background involving diverse manipulation 
of the endocannabinoid system will clarify the cellular and molec-
ular features that underlie this behavioural evidence.

The WIN-induced effect on limbic memory formation seems to 
depend on the valence of the emotional experience. Indeed, this 
group of research has recently reported that pre-conditioning WIN 
administration induces a decline in encoding and retrieval of lim-
bic memory traces when the emotional experience is aversive 
(Brancato et al., 2016). Altogether, these data point to cannabinoid 
activation as a condition that reinforces the encoding and retrieval 
of subsequent positive emotional experiences, prioritises informa-
tion in memory according to value attribution and decreases the 
formation of aversive limbic memory. It is not our ambition to give 
an epistemological interpretation of these results but perhaps, the 
high incidence of cannabis use in the population, especially in ado-
lescence, is not only due to its euphoric, talkative, loosening effects 
(Schierenbeck et al., 2008), but also to the potential increase in 
value attribution of positive experiences and their storing in mem-
ory, and at the same time to the impairment in the formation of 
unpleasant aversive memory traces (Lutz et al., 2015; Parsons and 
Hurd, 2015).

Lastly, the possibility to assess discrete selective effects of 
substances on different forms of learning and memory in the ani-
mal model by the combined employment of specific memory 
tasks, represents a strategy that increases the translational value 
of the preclinical research in behavioural science, and can help in 
unveiling the addictive and confounding properties of many psy-
chotropic drugs.
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