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RELAZIONE:  
 
Emotional events often attend a privileged status in memory, driving all the cognitive aspects concerning 

conscious and unconscious knowledge and determining our perception, thoughts, and behaviors. However, 

how emotion affects cognitive processing and how neurotransmitter systems interact in the modulation of 

these processes still represent a matter of debate. Recent studies from our group showed that the 

endocannabinoid system is crucially involved in the control of emotional states and memory processing 

such as consolidation and extinction of emotionally arousing experience 1‐7. The endocannabinoid system 

comprises two subtypes of G‐protein coupled cannabinoid receptors (CBRs), CB1 and CB2, that can be 

activated by cannabis‐derived drugs and small lipids called endocannabinoids (ECs) such as anandamide 

and 2‐arachidonyl glycerol8. Due to the localization of CBRs in brain regions strictly associated with both 

cognitive and emotional processes (i.e. hippocampus, prefrontal cortex and amygdala)9‐12, and to the 

capability of the endocannabinoid system to modulate synaptic plasticity, it is not surprising that this 

system could play a pivotal role in the modulation of emotional memory processing. However, contrasting 

and opposite findings have often been reported about the effects induced by exogenous manipulation of 

the endocannabinoid signalling on cognitive functions and emotions13‐16. Several confounding variables 

could be responsible of the opposite data reported in literature (different experimental context/conditions, 

drug selectivity, vehicle used to dissolve drugs, time of administration). For instance, following a 

pre‐training administration cannabinoid drugs could strongly interfere with pain perception and/or 

locomotor activity at the time of training. Moreover, it is known that some ECs could also activate not only 

the CBRs but also the peroxisome proliferator activated receptors α (PPARα) and the transient potential 

vanilloid receptors (TRPV1). Therefore, the aims of this study was a) to systematically reduce the impact of 

any possible confounding variables, and b) to better clarify the involvement of different signaling pathways 

in mediating the effect of cannabinoid compounds on memory consolidation. In order to reduce the impact 

of such confounding variables, systematically invariable experimental conditions, drug solubilization 

procedure, time and route of administration were employed. By using a classical pharmacological 

approach, rats were systemically administered with cannabinoid compounds immediately posttraining in 

order to profile the effects of these drugs on memory consolidation. The non selective CBR agonist 

WIN55,212‐2 (0.3, 1, 3 mg/kg), the FAAH inhibitor URB597 (0.1, 0.2, 0.3 mg/kg,), the MAGL inhibitor JZL184 

(0.25, 0.5, 1 mg/kg), the CB1 receptor antagonist SR141716 (0.3, 1 and 3 mg/kg), the CB2 receptor 

antagonist SR144528 (0.03, 0.1, 0.3), the PPAR-α receptor antagonist GW6471 (1-4 mg/kg), and the TRPV1 

receptor antagonist capsazepine (5mg/kg) or their respective vehicles (5%PEG, 5% TWEEN 80, 90% saline) 

were intraperitoneally (i.p.) administered to male Sprague Dawley rats tested in the Inhibitory avoidance 

task (IA). Briefly, rats were trained and tested in an IA apparatus consisting of a trough‐shaped alley divided 

into two compartments, separated by a sliding door. The starting compartment is made of opaque white 
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plastic and illuminated by a lamp; the shock compartment is made of two dark, electrifiable metal plates 

and was not illuminated. For training, the rats were placed into the starting compartment of the apparatus, 

facing away from the door, and allowed to explore the apparatus. After the rats stepped completely into 

the dark compartment, the sliding door was closed and a single inescapable footshock (0.35 mA) was 

delivered for 1 s. The animals were removed from the shock compartment 15 s after termination of the 

footshock. Retention was tested 48 h later. On the retention test trial, the rats were placed into the starting 

compartment and the latency to reenter the shock compartment with all four paws (maximum latency of 

600 s) was recorded and used as a measure of retention. Longer latencies are interpreted as indicating 

better retention. All rats were i.p. administered immediately posttraining to evaluate the effect of the 

drugs on memory consolidation process. 

In a first set of experiments, I examined whether the non selective cannabinoid receptor agonist 

WIN55,212‐2 administered immediately after the training of the inhibitory avoidance task would affect 

retention performances at testing. I found that the posttraining administration of the non selective 

cannabinoid receptor agonist WIN55,212‐2 in male Sprague Dawley rats induced an enhancement of 

memory consolidation. In order to investigate if this consolidation enhancing effect was dependent on CB1 

or CB2 receptor activation I administered the WIN55,212‐2 alone or together with a per se non‐effective 

dose of the CB1 receptor antagonist SR141716 or the CB2 receptor antagonist SR1445228 or in 

concomitant administration with both antagonists. I found that co‐administration of the non selective 

agonist WIN55,212‐2 with SR141716 or SR1445228 or together with both antagonists blocked the 

enhancing effect on memory consolidation induced by WIN55,212‐2 alone. Further, I examined whether 

enhancing anandamide signaling at active synapses by administering the FAAH enzyme inhibitor URB597 

immediately after the training would affect memory consolidation. I found that enhancing AEA tone 

induced an enhancement of retention latencies, and this effect was not completely blocked by 

co‐administration with capsazepine or SR141716 or SR1445228. On the other hand, co‐administration of 

URB597 with both cannabinoid receptor antagonists SR141716 and SR1445228 blocked the enhancing 

effect induced by AEA inhibitor hydrolysis. 

As endogenous cannabinoids, with their analogues, show binding affinity for other receptor families 

beyond the cannabinoid receptors, among them the peroxisome proliferator-activated receptors α (PPARα, 

and the transient receptor potential channels, especially vanilloid receptors (TRPV1), I further investigated 

whether the effects on memory consolidation induced by enhancing cannabinoid neurotransmission could 

depend on activation of PPARα or TRPV1 receptors. To this aim, I co-administered immediately after the 

training of the IA the effective dose of URB597 with a dose ineffective per se of a PPARα receptor 

antagonist, GW6471, or a TRPV1 receptor antagonist. I found that co-administration with both antagonists 

partially blocked the enhancing effect induced by URB597, thus suggesting that the positive modulation of 

memory consolidation induced by URB597 requires also the activation of PPARα and TRPV1 receptors. 
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The results obtained from this study indicate that: 1) enhancing cannabinoid receptor signaling through 

systemic administration of the non selective cannabinoid receptor agonist WIN55,212-2 enhanced memory 

consolidation for aversive events mainly through a CB1-mediated signaling; 2) enhancing endogenous 

levels of anandamide through systemic administration of the FAAH inhibitor URB597, enhanced memory 

consolidation; 3) the enhancing effects induced by URB597 require the activation of multiple 

neurotransmission pathways. Taken together, these findings drive beyond the classical hypothesis centered 

on the unique role of CB1 receptors on memory consolidation, and reveal new insights in the 

understanding of neural mechanisms of memory consolidation. 
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