
                                                                

Da inviare a: Società Italiana di Farmacologia – e-mail: sif.soci@segr.it; sifcese@comm2000.it  

 
 

MODELLO PER INVIO RELAZIONE DI METÀ E FINE PERIODO 
 
 
NOME E COGNOME: GERACI FEDERICA   
 
UNIVERSITÀ: UNIVERSITA’ DEGLI STUDI DI CATANIA 
 
DIPARTIMENTO (in caso di borsa per soggiorno all’estero specificare l’ente presso cui si è svolta la ricerca): 

SCIENZE BIOMEDICHE E BIOTECNOLOGICHE (BIOMETEC) 

TUTOR (in caso di borsa per soggiorno all’estero specificare il tutor dell’ente presso cui si è svolta la 

ricerca): PROF. RAFAEL MALDONADO; PROF.SSA ELENA MARTIN-GARCIA 

TIPOLOGIA DI BORSA RICEVUTA: “BORSA DI RICERCA SIF PER BREVI PERIODI ALL’ESTERO” 
 
TIPOLOGIA DI RELAZIONE (es.: metà periodo o finale): FINALE 
 
TITOLO DELLA RELAZIONE: Neurobiological mechanisms involved in food addiction  

 
 
RELAZIONE:  
 

Food addiction is a chronic and relapsing condition characterized by compulsive eating 
behavior for specific foods to achieve a state of high pleasure, energy or excitement or 
to relieve negative emotional or physical states, that leads to significant impairment 
or distress similar to drug addiction symptoms.  

This disorder seems linked to substance addiction given specific hallmarks of the 
disorder as compulsive eating, excess consumption despite adverse consequences, 
and reduced self-control overeating behavior (Mancino et al.2015). In Maldonado’s 
Laboratory we tested for the first time a modification of the long-term daily operant 
training, developed by the same laboratory (Mancino et al .2015) with an high-
palatable food, such as chocolate pellets, in order to asses:  

- Loss of control for food-seeking 
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- High motivation for the palatable food 
- Persistence in seeking this kind of food, even if it is not available 

 
To verify the presence of these behaviors we used operant boxes in which mice self- 
administered the chocolate pellets by pressing the correct lever.  

Addiction, and also food addiction, can be conceptualized as a three-stage recurring 
cycle that starts with the binge/intoxication stage (corresponding to habitual 
overeating), followed by emergence of a negative emotional state (overeating to 
relieve a negative emotional state) and it ends up with the failure of the inhibitory 
control (overeating despite negative consequences). The three-steps addiction cycle 
has their neurobiological correlates in three different brain areas, respectively, the 
basal ganglia, the extended amygdala, and the prefrontal cortex. (Roth et al. 2015; 
Moore et al 2017; Koob and Volkow, 2016).  

 In the second part of the project, we focused on the starting point of the addiction 
cycle, the binge/intoxication stage, corresponding to habitual overeating in food 
addiction, that has its neurobiological correlates in the Basal Ganglia.  

The Orbito Frontal Cortex (OFC) is known to send glutammatergic projection to the 
dorsal-medial striatum which, in turn, sends its dopaminergic projections into the 
Nucleus Accumbens (NAcc). The OFC has a crucial role in adaptive decision making and 
goal directed behavior. Moreover, imaging studies in cocaine, methamphetamine and 
heroin users revealed altered metabolism in the OFC and increased neuronal 
activation in response to drug-associated cues. On the contrary, preclinical studies on 
drug self-administration showed a decreased dendritic density in rat’s OFC. In the light 
of this, we focused on the investigation of this specific pathway in a modification of 
the long-term daily operant training developed by Maldonado’s laboratory. In 
particular, our aim was to assess whether the inhibition of glutammatergic projection, 
which goes from the OFC to the dorsal-medium striatum would lead to food addiction.  
We used a chemogenetic approach represented by “Designer Receptors Exclusively 
Activated by Designer Drugs” (DREADD), that consist of G-protein coupled receptor 
engineered to be specifically activated by physiologically inert drug-like small 
molecules. For our experiments we used the inhibitory DREADD, hM4Di, activated by 
Clozapine-N-Oxide (CNO), to control the cellular signaling. We used a mouse line that 
express Cre-recombinase under the control under control of regulatory sequences of 
NEX, a gene that encodes a neuronal basic helix-loop-helix protein. NEX-Cre mice spent 
a week of acclimation in a room with reverse light-dark cycle, after which were trained 
daily for a week food self-administration session in operant chamber. The training 
consists of 2h session with a 10 min intra-trial interval, called “pellet free period”, in 
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which mice didn’t received the chocolate flavored pellet despite pressing the correct 
lever.  The ratio for the first 2 days was fixed at 1(FR1; one lever press=1 chocolate 
pellet), and then changed to a fixed ratio 5 (FR5; five lever presses= 1 chocolate pellet) 
for the next 5 days. After the training, we performed stereotaxic bilateral injections of 
Adeno-associated virus (AAV), containing the inhibitory DREADD, into the NAcc. Mice 
recovered for 3 weeks after the surgery in order to let the virus to be expressed. 
Starting from the 4th week, we performed a second food self-administration training 
after which osmotic minipumps with CNO or saline were implanted subcutaneously. 
The amount of CNO in the osmotic minipump was enough for a four weeks treatment, 
during which we performed a food-addiction protocol in order to investigate the 
presence of the three hallmarks of addiction as described on the DSM-V. FR5 self-
administration session of 2h were run once a day, except for the days in which tests 
were performed. 

The tests performed were: 

- Conditioned Stimulus (CS), to measure the “persistence”, consist in 1h session 
in which the moue didn’t receive reward (chocolate pellet), but the cue light (CS) 
located few centimeters above the correct lever work as in the training; 

 

- Progressive Ratio (PR), to measure “motivation”, as every time mice get a 
reward, the next one is harder to achieve (the response required to earn the 
pellet escalated according to the following series: 1, 3, 5, 12, 21, 33, 51, 75, 90 
etc..). 

 

- Shock Test, used to assess “compulsivity” defined as continue taking drug 
although it led to adverse consequences as a foot shock. Indeed, mice receive a 
foot shock after the 4th lever press, and had 1 min for doing the 5th one and 
receive the pellet.  

 

- Devaluation, used to determine whether the exposure ab libitum of chocolate 
pellets will establish an aversion to a previous primary reinforcer. 
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- Reversal, to assess spatial-discrimination learning, was performed by changing 
the correct-incorrect lever in a 2h session without a previous training. 

To verify CNO effects, due to its possible conversion in clozapine, food intake 
and body weight were checked weekly. 

Moreover, since clozapine is known to induce an increase in the locomotor 
activity, we performed a locomotor activity test.  

The results are still preliminary since more cohorts of mice are necessary to 
reach an appropriate number of animals for the statistical analysis.  
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