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RELAZIONE:  
Background and Aims 
Post-traumatic stress disorder (PTSD) is a debilitating psychopathology that affects 8-13% of the 
population in United States (1). Nowadays, current medication is inadequate due to the inefficacy 
of some antidepressants and benzodiazepines in the treatment of PTSD symptoms (2). SSRIs, 
including sertraline and paroxetine, represent the drugs of choice for PTSD but, unfortunately, 
only 20% of SSRI-treated PTSD patients do not relapse (3). Several investigators have previously 
shown that a down-regulation of the GABAA receptor, positive, allosteric modulator, 
allopregnanolone levels is involved in the etiopathology of anxiety disorders and major depression 
(4, 5). For instance, in PTSD patients, cerebrospinal fluid allopregnanolone downregulation is 
strongly associated with increased PTSD re-experiencing and comorbid depression (6), and, 
intriguingly, fluoxetine-induced improvement of symptoms correlates with normalization of 
allopregnanolone concentrations (4). Likewise, low non-serotonergic doses of fluoxetine reverse 
the down-regulation of allopregnanolone in different corticolimbic regions, such as amygdala, 
frontal cortex and hippocampus, and improve aggressive behavior and fear responses in socially 
isolated (SI) mice, which is a putative mouse model of PTSD (7-9).  
The endocannabinoid system regulates emotions and stress responses and new cannabinoid 
ligands have become a major focus for anxiety and PTSD treatment (10). Disruption of the 
endocannabinoid system enhances fear acquisition and impairs fear extinction (11). Furthermore, 
administration of the endocannabinoid N-palmitoylethanolamine (PEA) induces antidepressant 
effects comparable to those elicited by fluoxetine (12). Of note, PEA, like fluoxetine, induces 
allopregnanolone biosynthesis both in cell cultures and brain stem (13, 14).  
Based on these findings, we hypothesized that PEA normalizes corticolimbic allopregnanolone 
levels and thereby improves aggressive behavior and fear responses in SI mice. Consistently, the 
effects of PEA on emotions and specifically on aggressive behavior and fear responses have not 
been previously investigated. 
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Methods 
Animals  
Male Swiss-Webster mice were maintained under a 12 hours dark/light cycle with food and water 
ad libitum were used for all experiments. Mice were housed individually (socially isolated, SI) in a 
cage for 5 weeks, while grouped-house (GH) control mice were housed in groups of 5. 
Drug treatments 
PEA was injected i.p. at the dose of, 5, 10, 15 or 20 mg/kg, 1 hour before behavioral tests or 
sacrifice. In the study of contextual fear memory, PEA (5-10 mg/kg) or vehicle was administered 
immediately after exposure to the context reactivation session.  
Brain allopregnanolone measurements 
Extraction, derivatization, and gas chromatography-mass spectrometry analyses of 
allopregnanolone were performed as previously reported (15). 
Contextual fear conditioning 
The chamber used for the contextual fear conditioning test had a floor made of stainless steel rods 
connected to an electric shock generator. It was surrounded by a frame that emitted 16 infrared 
photo beams. A computer controlled the delivery of electric foot-shocks and recorded beam 
interruptions and latencies to beam interruptions (freezing time). For the conditioning trial mice 
were placed in the chamber and were exposure to an acoustic tone (conditioned stimulus, CS) that 
co-terminated with an electric foot-shock (unconditioned stimulus, US), three times, every 2 
minutes, for a total time of 8 minutes.  
Reactivation 
Mice were returned to the chamber 24 hours later for 5 minutes without foot-shock presentation 
to induce retrieval/reactivation of the training memory. Immediately after the reactivation 
session, each mouse received a single injection of vehicle or PEA. 
Extinction and extinction retention 
24 hours after the reactivation session, mice were placed in the chamber once a day for 5 
consecutive days (5 minutes) without foot-shock nor acoustic tone, and freezing was measured as 
index of contextual fear memory. Finally, after a subsequent interval of 7 days, mice were re-
exposed to the chamber without foot-shock and freezing was measured as index of the 
spontaneous reinstatement of contextual fear memory, or, at the opposite, as extinction 
retention. Freezing was described as the total absence of movement except respiration while the 
mice remained in a crouched posture (8). 
Resident-intruder test 
To study the aggressive behavior, a male intruder mouse of the same strain as the resident mouse, 
was placed in a resident home cage and resident-intruder interactions were videotaped for 10 
minutes. The number of violent attacks during the test was measured as previously published (16), 
1 hour after PEA administration. 
Locomotor activity  
A computerized AccuScan 12 Animal Activity Monitoring System assisted by VERSAMAX software 
was used to measure the locomotor activity (17). The chamber used in this paradigm consisted of 
a 20 × 20 × 20 cm Perspex box surrounded by horizontal and vertical infrared sensor beams. 
Horizontal sensors beam interruptions were taken as a measure of horizontal activity. Activity was 
recorded for 10 minutes.  
 
Results  
A single administration of PEA (5-20 mg/kg, i.p.) induced a dose-dependent increase of 
allopregnanolone levels in the olfactory bulb, hippocampus, and amygdala, and at the highest 
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dose of 20 mg/kg, in the prefrontal cortex of SI mice. The same treatment did not affect 
allopregnanolone levels in the striatum of SI mice. Importantly, we did not observe any significant 
changes of allopregnanolone levels in the olfactory bulb of GH mice after administration of the 
PEA dose of 20 mg/kg (manuscript under preparation). 
Moreover, a single administration of PEA (5-10 mg/kg), given immediately after a reactivation 
session, by a reconsolidation blockade, facilitated fear extinction compared to vehicle-treated SI 
mice. Most importantly, PEA prevented the spontaneous recovery of contextual fear memory in SI 
mice during recall. PEA did not significantly alter fear memory response in GH-control mice 
(manuscript under preparation). 
Finally, PEA induced a marked anti-aggressive effect in SI mice at the doses of 10 mg/kg (-57%, 
p<0.01), 15 mg/kg (-75%, p<0.001) and 20 mg/kg (-86%, p<0.001). Of note, locomotor activity was 
not altered by PEA treatment at any dose tested (16).  
 
Conclusions 
Our results showed for the first time that the endocannabinoid, PEA induces neurosteroidogenesis 
in a putative animal model of PTSD. Moreover, a single administration of PEA also improved PTSD-
like behavior, such as impairment of contextual fear memory and heightened aggressive behavior. 
Current studies conducted by our group are still in progress to better understand the molecular 
mechanisms underlying both the neurosteroidogenic and the beneficial behavioral effects induced 
by PEA. All together, these results suggest that the endocannabinoid PEA may be an important 
neural target to regulate emotions by stimulation of neurosteroid biosynthesis and, therefore, 
may be useful as a valuable PTSD biomarker to predict symptoms development and therapy 
response.  
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