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RELAZIONE:  
 

I have recently completed a 6-month period at University of Cambridge, Department of 

Pharmacology, under the supervision of Dr David Belin. Belin lab’s research is concerned with the  

the neural, cellular and molecular substrates of inter-individual vulnerability to develop 

impulsive/compulsive disorders such as drug addiction, Obsessive/Compulsive Disorder, Tourette’s 

syndrome or pathological gambling.  

During this period, I worked on an original project regarding the noradrenergic mechanisms 

controlling impulsive and compulsive behaviours. 

Impulsivity, defined as the tendency to act without forethought, represents an endophenotype of 

vulnerability to develop compulsive disorders such as drug addiction and Obsessive Compulsive 

Disorder (OCDs) (Fineberg et al., 2014). Several papers have highlighted that high impulsivity 

predates and causally contributes to the development of several forms of compulsive behaviour 

both in humans and in animals (Fernandez-Serrano et al., 2012; Belin et al., 2008). At the 

neuropsychobiological level, the majority of the studies on impulsivity focus on dopaminergic and 

serotonin mechanisms (Dalley and Royser, 2012) neglecting the possible involvement of other 

neural systems. Recent evidence support the hypothesis that noradrenergic mechanisms are 



                                                                
fundamental in the control of impulsive behaviour (Rae et al., 2016). Indeed, atomoxetine (ATO), 

the selective norepinephrine reuptake inhibitor clinically used for the treatment of attention-deficit 

hyperactivity disorder (ADHD), decreases impulsivity in both humans and animals as demonstrated 

in several works. Of interest, the caudal part of the AcbS receives a significant noradrenergic 

innervation from the NTS (Berridge et al., 1997), the functional significance of which remains largely 

unknown. Yet, even though the AcbS also receives noradrenergic fibers from the locus coeruleus 

(LC), only the A2 fibers arising from the NTS release noradrenaline as neurotrasmitter into the AcbS 

(Delfs et al., 1998). In humans, extraordinarily high levels of noradrenaline have been found in a 

small subdivision of the caudomedial portion of the AcbS that represent the only area in human 

brain containing similarly high levels of both noradrenaline and dopamine (Tong et al., 2006). Thus, 

the aim of this project is to demonstrate a key contribution of the NTS-AcbS noradrenergic pathway 

to the impulsive and compulsive behaviours by using optogenetically-based manipulation of this 

neural circuit in behaving rats.  

Rats trained and selected as high impulsive (HI) and low impulsive (LI) in the 5 choice serial reaction 

time task (5-CSRTT) received bilateral infusions of a retrogradely transported canine adenovirus 

carrying Cre recombinase (CAV2-Cre) (Namburi et al., 2015) into the AcbS followed, three weeks 

later by bilateral injections of either an adenoassociated virus serotype 5 (AAV5) carrying 

channelrhodopsin (n=20) or halorhodopsin fused to enhanced yellow fluorescent protein (eYFP) in 

a doublefloxed inverted open reading frame (DIO) (AAV5-DIO-ChR2-EYFP and AAV5-DIOeNpHR3.0-

eYFP, respectively) (n=20 per opsin) or a control virus (AAV5-DIO-eYFP) (n=8) as well as bilateral 

implantation of optic fibers above the AcbS. Photostimulation or photoinhibition were performed 

daily throughout the experimental sessions over a 10-day period. Following the behavioural 

experiments, brains were processed using immunohistochemistry with dopamine beta hydroxylase 

antobodies to ensure that the eYFP fluorescence colocalises with the noradrenergic marker. 

This project is currently in progress and will be generating a strong case for support for the role of 

the NTS-AcbS pathway in the noradrenergic control of impulsivity and compulsivity. 
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