
                                                                

Da inviare a: Società Italiana di Farmacologia – e-mail: muriel.bertomoro@sifweb.org; 
adele.tangolo@sifweb.org;   

 
 

MODELLO PER INVIO RELAZIONE DI METÀ E FINE PERIODO 
 
 
NOME E COGNOME: Marzia Friuli 
 
UNIVERSITÀ: Università di Roma “La Sapienza” 
 
DIPARTIMENTO: Department of Behavioural and Molecular Neurobiology, Institute of Zoology, University 

of Regensburg, Regensburg, Germany 

TUTOR: Dr. Inga D. Neumann 

TIPOLOGIA DI BORSA RICEVUTA: Borsa SIF per brevi periodi all’estero 
 
TIPOLOGIA DI RELAZIONE: Metà periodo 
 
TITOLO DELLA RELAZIONE: Involvement of the central oxytocinergic signaling in the regulation of feeding 

and social behaviors 

 
RELAZIONE: 
Oxytocin (OXY) is a nine-amino acid neuropeptide hormone, mainly produced in the supraoptic (SON) and 

paraventricular (PVN) nuclei of the hypothalamus (HYPO; DOI: 10.1111/jne.12549; 

10.1152/physrev.00031.2017). The multitude of hormonal and neurotransmitter effects of OXY are mediated 

by the specific oxytocin receptor (OXY-R), which is a member of the G-protein coupled receptor family and 

which expression is detected in a variety of brain areas where it participates in the regulation of different 

functions, ranging from social behavior and fear, spatial memory and neurogenesis, maternal, socio-sexual, 

and anxiety behavior to feeding behavior and reward (DOI: 10.1152/physrev.00031.2017; 10.1038/nature11270; 

10.1016/j.neuropharm.2020.108082; 10.1016/j.psyneuen.2013.02.002; 10.1037/0735-7044.122.3.618; 

10.1016/j.neulet.2019.134561).  
Regarding feeding behavior, several studies have expanded the conventional view of the homeostatic 

regulation of food intake to also include a non-homeostatic control which include food reward and is mainly 

coordinated by the activation of the central mesolimbic dopaminergic pathway (DOI: 

10.1016/j.neuropharm.2020.108082). In this scenario, great attention has been dedicated to the central 

oxytocinergic neurotransmission for its implication in a variety of processes that directly or indirectly involve 

the activation of brain areas belonging to both homeostatic and non-homeostatic circuits regulating food 

intake (DOI: 10.1016/j.neuropharm.2020.108082).  

Given these premises, before starting my 6-months period in the Dr. Inga D. Neumann’s laboratory, we 

demonstrated a deranged oxytocinergic signaling in different brain areas involved in both homeostatic (PVN, 

HYPO, area postrema, nucleus of the solitary tract and its subnuclei) and non-homeostatic (medial prefrontal 

cortex, caudate putamen and nucleus accumbens) regulation of food intake, in different preclinical models of 

aberrant eating patterns: 1) a rat model of diet-induced obesity (DIO) based on the exposure to a high-fat diet;  

low-fat diet-fed will be used as control group; 2) a rat model of binge-like eating, in which the combination of 

dieting and stress is a common trigger for the onset of aberrant food intake; 3) a rat model of DIO based on 

hedonic overfeeding induced by the exposure to a high palatable food (HPF, cafeteria diet) for 40 days and 

subsequently to an abstinence period from this diet.  
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It is important to underlie that aberrant feeding behaviors, such as obesity and eating disorders are linked to 

different comorbidities including social anxiety disorder (SAD; DOI: 10.1016/j.psyneuen.2019.104425; 

10.1016/j.eatbeh.2011.11.006) which is characterized by persistent fear and avoidance of social situations (DOI: 

10.1038/npp.2011.329). To mimic the major behavioral symptoms of SAD (reduced social investigation and 

avoidance of conspecifics), in 2012, Dr. Inga D. Neumann and collaborators (DOI: 10.1038/npp.2011.329), 

developed an animal model of social fear, based on a social fear conditioning (SFC) paradigm. In this animal 

model, mice are conditioned to associate a mild foot shock-induced pain with the investigation of a social 

stimulus and, therefore, avoid of social stimuli (acquisition of social fear; DOI: 10.1038/npp.2011.329). The 

resulted conditioned social fear is not accompanied by changes in general anxiety, depressive-related 

behavior, and locomotion. During subsequent extinction phase, several unknown conspecifics are presented 

to the conditioned mice in their home cage during which a typically social avoidance behavior can be observed. 

With increasing number of presentations, the social avoidance behavior slowly decreases until a complete 

extinction of social fear (DOI: 10.1038/npp.2011.329). Given the anxiolytic and pro-social properties of OXY, 

revealed in different animal studies (DOI: https://doi.org/10.1016/j.tins.2012.08.004 10.1126/science.1158668; 

https://doi.org/10.1016/j.yfrne.2009.04.012), Dr. Inga D. Neumann and collaborators (DOI: ), investigated the 

involvement of the brain oxytocinergic system in social fear. Particularly, using the SFC paradigm, they have 

demonstrated that social avoidance behavior can be reversed by local application of OXY, prior to extinction 

phase, into the lateral septum (LS) of male mice, a brain area strongly involved in the mechanism of action of 

OXY in this context  (DOI: https://doi.org/10.1038/npp.2014.156).  

However, in this scenario, also the endocannabinoid (eCB) system, composed by the two cannabinoid 

receptors (CB)1,2, their two major endogenous ligands (anandamide, AEA and 2-arachidonoyl glycerol, 2-

AG), and synthesizing and degrading enzymes (10.1016/j.biopsych.2015.07.028) has received great attention. 

Indeed, genetic and pharmacological studies provided important evidence for a crucial role of the eCB system 

in the regulation of anxiety-related behavior, stress responses, acquired cued and contextual fear (DOI: 

10.1038/nrn4036; 10.1038/nature00839; 10.1016/j.phrs.2007.09.006; 10.1016/j.neuroscience.2011.11.057; 

10.1177/0269881111408958; 10.1038/npp.2015.166). 

  

In the first months at the Dr. Inga D. Neumann’s laboratory, I performed surgeries for cannulas implantation 

in mice brains, generally used for different experimental procedures, including infusion of pharmacological 

treatment and viral vector. Particularly, CD-1 male mice were anaesthetized with isoflurane through an 

anesthesia delivery system; painkillers (0.1 ml, 0.3 mg/ml Buprenovet) and antibiotics (0.1 ml, 25 mg/ml, 

Baytril, Bayer) were injected to reduce suffering and prevent inflammation.  

The mice were weighed after shaving their head and then they were fixed in the stereotaxic frame. Body 

temperature was maintained constant with an electric heating pad. Eye moisture was sustained with 

Bepanthen® (Bayer, Germany). Semi-sterile surgery was performed with autoclaved surgical equipment and 

surfaces were disinfected with 70% Ethanol.  

For the fixation of cannula two screws were screwed diagonally opposite to each other into the scull.  

According to mice brain atlas by Paxinos and Watson, guide cannulas were implanted intracerebroventricular 

(from Bregma +0.2 mm, lateral +1.0 mm, depth −1.4 mm) or local bilateral in the LS (from bregma +0.3 mm, 

lateral ±0.5 mm, depth −1.6 mm) a brain area strongly involved in the mechanism of action of OXY in the 

context of social fear behavior (https://doi.org/10.1038/npp.2014.156). Cannula, screws, and sore edges were 

connected with Kallocryl® (Speiko, Germany).  

Moreover, according to the paper published by Dr. Inga D. Neumann and collaborators in 2012 (DOI: 

10.1038/npp.2011.329) I developed the SFC paradigm as follow reported.  

SFC paradigm 
CD-1 male mice were allowed to habituate at least for one week before experimental procedures and kept 

under standard laboratory conditions (12:12 light/dark cycle, lights on at 06:00, 22°C, 60% humidity, food and 

water ad libitum). Experiments were performed in light phase.  

Acquisition (day 1) 
Mice were carried from their home cages and placed in the conditioning chamber (45 × 22 × 40 cm; transparent 

Perspex box with a stainless-steel grid floor) and, after a 30-s adaptation period, an empty wire mesh cage (7 

× 7 × 6 cm) was placed as a non-social stimulus near one of the short walls of the chamber for 3 min. 

Immediately thereafter, the non-social stimulus was replaced by an identical cage containing an unfamiliar 

conspecific. Unconditioned control mice (SFC−) were allowed to freely investigate the social stimulus for 3 min 

without receiving any foot shocks, whereas SFC+ mice were given an electric foot shock (0.7 mA) each time 

they investigated, i.e., made direct contact with the social stimulus. Thus, SFC+ mice could control the number 
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of foot shocks received (between 2 and 5) and the inter-shock interval by approaching the social stimulus. Mice 

were returned to their home cage when no further social contact was made for 2 min.  

Social fear extinction training (day 2) 
One day after SFC, with the aim of pharmacological manipulating the eCB system, mice were peripheral 

administered (intraperitoneal injection) 1h before social fear extinction training. After 1h, mice were exposed 

in their home cage to three non-social stimuli, i.e., three different, but technically identical, empty cages used 

during day 1, to assess non-social investigation as a parameter of non-social fear and general anxiety-related 

behavior. Mice were then exposed to six different unfamiliar social stimuli, i.e., male mice, each in a different 

small cage (see day 1) to assess social investigation as a parameter of social fear. Each stimulus was placed 

near a short wall of the home cage and presented for 3 min, with a 3-min inter-exposure interval. 

Social fear extinction recall (day 3) 
One day after extinction training, mice were exposed in their home cage to six different unfamiliar social 

stimuli, each in a different small cage (see days 1 and 2), for 3 min, with a 3-min inter-exposure interval, to 

assess whether the extinction completely reverses the social fear. 

The scoring of the videos of the SFC paradigm behaviors, recorded with a video camera, is still ongoing. 

 

The next step will be to investigate, through the pharmacological manipulation of the eCB system and in 

particular the stimulation of endogenous anandamide tone (1h before social fear extinction training, as 

reported above), whether the eCB system itself is involved in the acquisition or extinction of social fear and 

whether it may also modulate oxytocinergic system in this context.  
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