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Day 1 | 09/25       11:30-13:30 

 

Arbatax Room        Symposium 1 

Overlapping circuits in aversive, appetitive, and addictive 

behaviors 

 

THE VENTRAL STRIATUM CONTRIBUTES TO ENERGY BALANCE 

ROMAN WALLE1*, Anna Petitbon1, Giulia R. Fois2, Andrea Contini1, Rodrigue Ortole1, 

Asma Oummadi1, Véronique De Smedt-Peyrusse1, Alban de Kerchove d’Exaerde3, 
Brunos Giros 4-5, Francis Chaouloff6, Guillaume Ferreira1, Fabien Ducrocq1, François 

Georges2 and Pierre Trifilieff1*
 

1Université de Bordeaux, INRAE, Bordeaux INP, NutriNeuro, 33000, Bordeaux, France. 
2Univ. Bordeaux, CNRS, IMN, UMR5293 F-33000, Bordeaux, France 

3Laboratory of Neurophysiology, ULB Neuroscience Institute, WELBIO, Brussels, Belgium 4Department of 
Psychiatry, Douglas Hospital, McGill University; Montreal, QC, Canada 
5Université de Paris Cité, INCC UMR 8002, CNRS; F-75006 Paris, France 

6Endocannabinoids and NeuroAdaptation, NeuroCentre INSERM U1215 Université de Bordeaux, 33077 
Bordeaux, France 

pierre.trifilieff@inrae.fr 
roman.walle@live.fr 

Compulsive eating, found in some forms of obesity, and anorexia nervosa (AN) can be 
considered as opposite pathologies in light of their symptomatology, i.e. feeding 

behaviors, physical activity and motivation. Even though little is known regarding the 
pathophysiological mechanisms of these diseases, accumulating evidence points to a 
dysfunction of the mesolimbic pathway. Our study aimed at addressing whether 
manipulating the activity of neuronal subpopulations of the Nucleus Accumbens (NAc), 

such as D1 (D1-MSNs) or D2 (D2-MSNs) medium spiny neurons, could be sufficient to 
mimic some symptomatic dimensions of compulsive eating and AN. Using a 
chemogenetic approach, we found that acute activation of D1 or D2-MSNs leads to 
opposite findings, supporting a functional dichotomy between them. While chronic 
activation of D1-MSNs leads to excessive wheel running, animals counteract this 

energetic expenditure by increasing their food consumption. On the contrary, chronic 
activation of D2-MSNs triggers weigh gain due to low physical activity and increased food 
consumption. Thanks to a unique double-transgenic mouse model, we were able to 
concomitantly manipulate both subpopulations of the NAc. We show that simultaneous 

activation/inhibition of D1-MSNs/D2-MSNs overrides the compensatory mechanism 
observed under D1-MSNs activation, resulting in weight loss due to excessive physical 
activity regarding food intake. In opposite, chronic inhibition/activation of D1- and D2-
MSNs induces weight gain due to excessive energy intake in regard of activity-mediated 
energy expenditure. Our results suggest that the balance between D1- and D2-MSNs 

activity bidirectionally modulates energetic homeostasis and that an alteration of such 
balance could promote the occurrence of eating disorders. 
 

 

mailto:pierre.trifilieff@inrae.fr
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NEURAL SUBSTRATES OF AVERSION-RESISTANT ALCOHOL SELF-ADMINISTRATION IN 

RATS 

ESI DOMI1,2, Li Xu1, Sanne Toivainen1, Michele Petrella1, and Markus Heilig1 
1Center for Social and Affective Neuroscience, BKV, Linköping University, Linköping, 581 85, Sweden. 

2School of Pharmacy, Pharmacology Unit, University of Camerino, Camerino, 62032, Italy. 
esi.domi@unicam.it  

 

Compulsive alcohol seeking and taking, defined by resistance to adverse consequences, 
represents a major challenge in treatment of alcohol use disorders (AUD). To search for 

neural substrates of individual differences in compulsive alcohol use, we studied 
footshock-punished alcohol self-administration in outbred rats.  
Using a large cohort of male Wistar rats, we found that a subset of animals (~35%) 
continued to self-administer alcohol despite the presence of a contingent electric shock 
(0.2 mA). This behaviour was encoded by activity of a neuronal ensemble within the 

central amygdala (CeA). Chemogenetic inhibition of activated CeA neurons selectively 
decreased this behavior. We found that CeA neurons promoting punishment-resistance 
were protein kinase C  (PKC )-expressing neurons. We established a causal role of these 
neurons in sustaining compulsive alcohol self-administration, by showing that this 

behaviour was attenuated following an shRNA knock-down of PKC in CeA.  
We found that PKC  expression colocalizes with expression of GABAB receptors in the CeA. 
To test for the functional role of GABAB receptors in PKC -expressing neurons in 

compulsive alcohol self-administration, we administered the GABAB agonist, baclofen in 
shock-resistant and -sensitive rats.   
Baclofen reduced CeA activity, and decreased firing frequency of PKC  neurons and this 
effect was accompanied by suppression of punishment resistant self-administration.  
Our findings demonstrate that PKCδ downregulation or inhibition of neuronal activity 

through activation of GABAB receptors in the CeA are sufficient to reduce compulsive 

alcohol self-administration. Because PKC is also expressed in the human CeA, this 
mechanism is potentially accessible for medications in a vulnerable population that 

develops AUD. 

 

CIRCUIT MECHANISMS INVOLVED IN SALIENCE PROCESSING BY LATERODORSAL 

TEGMENTAL NEURONS 

SEBASTIAN P. FERNANDEZ 
Institute of Molecular and Cellular Pharmacology, CNRS UMR7275, Valbonne, France. 

 fernandez@ipmc.cnrs.fr 

Maintaining a balance between reward and risk is a fundamental brain process essential 

for survival. For example, balancing appetitive and aversive motivations is essential for 
most animals to eat without being eaten. In humans, this interplay of motivations is 
required for appropriate decision making. These processes are controlled by parallel and 
sometimes overlapping brain circuits, commonly referred to reward and aversion systems. 

Though originally studied as separate somehow opposite circuits, current research 
including work from our laboratory demonstrated that polarization of roles is an 
oversimplification. Indeed, regions such as the ventral tegmental area, the nucleus 
accumbens and the amygdala have been shown to be important for both reward and 
aversion. The laterodorsal tegmental nucleus (LDTg) is a heterogeneous brain region 

composed of cholinergic, GABAergic and glutamatergic neurons which project widely to 

mailto:esi.domi@unicam.it
mailto:fernandez@ipmc.cnrs.fr%3e
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other parts of the mammalian brain. The LDTg is part of the ascending reticular system 
and has been later shown to be an important modulator of the reward system. However, 

recent studies have provided robust evidence that the LDTg is activated by aversive stimuli 
and plays a role in aversive responses. In this talk, I will discuss the circuit mechanisms 
behind this diverse salience processing. In particular, I will present new research from our 

lab, showing that LDTg neurons promote freezing responses to unescapable stress. 

 

LOCUS COERULEUS ACTIVATION DURING ENVIRONMENTAL NOVELTY GATES COCAINE-

INDUCED LONG-TERM HYPERACTIVITY OF DOPAMINE NEURONS 

FRANÇOIS GEORGES 
University of Bordeaux, CNRS UMR 5293, France 

francois.georges@u-bordeaux.fr 

A key feature of the brain is the ability to handle novelty. Anything that is new, will 
stimulate curiosity and trigger exploration. Novelty preference has been proposed to 
predict increased sensitivity to cocaine. Different brain circuits are activated by novelty, 

but three specific brain regions seem critical for exploring a novel environment: the 
noradrenergic neurons originating from the locus coeruleus (LC), the dopaminergic 
neurons from the ventral tegmental area (VTA), and the hippocampus. However, how 
exploring a novel environment can interfere with the reward system and control cocaine 
impact on VTA dopamine neuron plasticity is unclear. Here, we first investigated the 

effects of the exposure to a novel environment on the tonic electrophysiological 
properties of VTA dopamine neurons. Then, we explored how the exposure to a novel 
environment controls cocaine-evoked plasticity in dopamine neurons. Our findings 
indicate that LC control VTA dopamine neurons under physiological conditions but also 

after cocaine. 

 

  

mailto:francois.georges@u-bordeaux.fr
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Day 1 | 09/25       11:30-13:30 

 

Carbonara Room     Oral communications # 1 

 

Nigella sativa OIL IMPROVED MEMORY, REDUCED ANXIETY AND ATTENUATED 

PSYCHO-BEHAVIOURAL ENDOPHENOTYPES IN DIZOCILPINE (MK-801)-INDUCED BALB/C 

MICE MODELS OF SCHIZOPHRENIA 

ROYHAAN FOLARIN*+, Olatunde Owoeye+, Adefolarin Malomo+ 

*Department of Anatomy, Olabisi Onabanjo University, Nigeria 
+Department of Anatomy, University of Ibadan, Nigeria. 

royhaan.folarin@oouagoiwoye.edu.ng  

Schizophrenia is a psychotic disorder with unascertained aetiology (including addictive 
tendencies), and characteristic positive, negative and cognitive symptoms. Despite years 
of research however, this ailment still lacks a holistic and side-effect-free therapy. To 

identify alternative drugs for this condition, this research investigated the anti-psychotic 
potentials of Nigella sativa oil (NSO) on the neurobehaviour of Dizocilpine-induced mice 
models of schizophrenia. Nigella sativa is a highly medicinal plant of middle-eastern 
origin, historically notable for its multi-therapeutic potentials and affirmed by modern 

science.  
Sixty male albino mice were divided equally across five groups, namely, Control, DZ, NSDZ 
and DZNS. Elevated Plus Maze, (EPM), Novel Object Recognition (NOR) and Object Location 
tests (OLT) were conducted, and the animals were euthanized 24 hours after final 
administration.  

Dizocilpine induced schizophrenia-like symptoms, while Nigella sativa oil prevented and 
attenuated the expression of schizophrenic endophenotypes such as popping behaviour, 
impaired gait, anxiety, defective learning and recognition memory in schizophrenic 
BALB/c mice. It also reduced food intake and thus regressed weight gain significantly to 

0.47%, -10.00% and -24.24% of initial body weights in the NS, NSDZ and DZNS groups 
respectively. NSO also increased the relative brain weights by 1.86% & 2.51% in NSDZ & 
DZNS groups respectively against the DZ group, while it improved recognition memory in 
the schizophrenic NSDZ and DZNS groups by 15.54% and 18.13% more than the DZ 
schizophrenic control.  

The anti-schizophrenic potential of Nigella sativa has thus been established by this study 

neurobehaviourally, particularly in anxiolysis, memory enhancement, and attenuation of 

psychotic explosive behaviours. 
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ADOLESCENT ALCOHOL EXPOSURE SELECTIVELY INCREASES NICOTINE AND COCAINE 

REWARD IN RATS GENETICALLY VULNERABLE TO DRUG ADDICTION 

CRISTINA CADONI1, Silvia Corongiu2, Elena Espa2, Sandro Fenu2, Alessandra T. Peana3 

1Institute of Neuroscience, National Research Council of Italy, Cagliari, Italy  
cristina.cadoni@in.cnr.it 

2Department of Biomedical Sciences, University of Cagliari, Cagliari, Italy 
3Department of Medicine, Surgery, and Pharmacy, University of Sassari, Sassari, Italy 

apeana@uniss.it 

Since its theorization the Gateway Hypothesis continues to be highly debated. Human 

studies cannot directly test the gateway hypothesis for obvious reasons, while animal 

models offer a unique opportunity to test it in controlled experimental conditions. Given 

the critical role of genetic factors in addiction vulnerability, we hypothesized that 

controversies on the gateway hypothesis might stem from differences due to genetic 

factors. Therefore, we investigated the role of genotype on the postulated gateway effect 

of adolescent alcohol exposure on the rewarding effect of subsequent nicotine and cocaine 

exposure. To this aim we used, as a model of genetic vulnerability to addiction, the inbred 

strains of rats Lewis (addiction prone) and Fischer344 (addiction resistant), and the 

outbred Sprague-Dawley strain representative of a variable genetic background. Following 

intermittent exposure to 20% alcohol in a two-bottle choice paradigm for 9 weeks, starting 

at mid-adolescence, and after 10 days of withdrawal from the last alcohol exposure, rats 

were conditioned in a place preference apparatus (CPP) first with nicotine (0.2 mg/kg) 

and, 10 days after the nicotine CPP test, with cocaine (10 mg/kg). While neither control 

nor alcohol-exposed Sprague-Dawley and Fischer344 rats did show any CPP for nicotine or 

cocaine, Lewis rats displayed a significant nicotine and cocaine CPP increased further by 

alcohol pre-exposure. The present data suggest that adolescent exposure to alcohol 

increases the rewarding effects of nicotine and cocaine but only in the addiction prone 

strain, thus supporting more a common liability to addiction rather than a general gateway 

effect of alcohol exposure toward abuse of other drugs such as nicotine and cocaine.  

 

INTER-INDIVIDUAL DIFFERENCES IN A RAT GHB SELF-ADMINISTRATION MODEL 

CASPER J.H. WOLF1,2,3, C. Lensen2, N. Torma2, I. Erdogan2, A. Fagan2, M. Spoelder4, H. 

Beurmanjer3,5, A.F.A. Schellekens1,3, J.R. Homberg2 

1Department of Psychiatry, Radboud University Medical Center, Nijmegen, The Netherlands 
2Department of Cognitive Neuroscience, Donders Institute for Brain Cognition and Behaviour, Radboud 

University Medical Center, Nijmegen, The Netherlands 
3Nijmegen Institute for Scientist-Practitioners in Addiction (NISPA), Nijmegen, The Netherlands 

4Radboud Institute for Health Sciences, Department of Physiology, Radboud University Medical Center, 
Nijmegen, The Netherlands 

5Novadic-Kentron Addiction Care, Vught, The Netherlands 

casper.wolf@radboudumc.nl 

Repeated use of the recreational drug gamma-hydroxybutyric acid (GHB) may lead to GHB 
use disorder (GUD), characterized by cravings, tolerance, and use despite of negative 
consequences. The (long-term) cognitive and neurotoxic effects of GHB use and GUD are 

still unknown, and evidence-based treatment plans are hardly available. In order to study 
the causal effects of GHB use and GHB use disorder, a GHB self-administration model is 
required. Here, we establish the first-ever voluntary GHB self-administration model in 

mailto:cristina.cadoni@in.cnr.it
mailto:apeana@uniss.it
mailto:casper.wolf@radboudumc.nl
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rats. Animals had access to GHB and water in their home cage for three months, during 
which behavioral parameters were periodically assessed. Following the home cage self-

administration period, animals were trained to press a lever for GHB in an operant box 
according to fixed ratio schedules. Then, animals were tested for their motivation for GHB 
on a progressive ratio (PR) and extinction ratio (ER) schedule. Animals consumed 
pharmacologically relevant levels of GHB in their home cage, which remained stable over 
time. Under operant conditions, a majority of animals were successfully trained to press 

a lever for GHB, while some animals did not achieve stable responding for GHB. A subset 
of animals showed high motivation for GHB during the PR session, showed persistent GHB-
specific responding during the ER session and continued responding for GHB despite an 
aversive taste. Overall, we were able to successfully establish a GHB self-administration 

model that reflects individual susceptibility for persistent drug use. Our model can be 

used to explore novel therapies in order to reduce problems associated with GUD. 

 

ROLE OF N-ACYLETHANOLAMINES – PPARGAMMA PATHWAY IN MEMORY DEFICITS 

PRESENT IN PRENATAL AND LACTATION ALCOHOL EXPOSED MICE 

ALBA GARCIA BAOS1, Antoni Pastor2, Rafael de la Torre1,2, Olga Valverde1,2 
1Neurobiology of Behaviour Research Group (GReNeC-NeuroBio), Department of Medicine and Life Science, 

Universitat Pompeu Fabra, Barcelona, Spain. 
2IMIM-Hospital del Mar Medical Research Institute, Neurosciences Programme, Barcelona, Spain. 

alba.garcia@upf.edu 

olga.valverde@upf.edu 

Perinatal alcohol exposure is known to cause a wide range of physical and behavioral 

disabilities comprised under the term fetal alcohol spectrum disorder. The expanded 
endocannabinoid system (ECS) is firmly impacted by alcohol given its lipid nature. 
However, little is known about those effects after perinatal alcohol exposure. In this 
study, we aimed to investigate the role of N-acylethanolamines (NAEs) – peroxisome 
proliferator activated receptor-gamma (PPARg) pathway in memory deficits induced by 

prenatal and lactation alcohol exposure (PLAE) in mice.  
We used pregnant C57BL/6 female mice with time-limited access to either water or a 20% 
v/v alcohol solution throughout gestation and lactation. First, we analyzed molecules of 
the expanded ECS in hippocampus of their offspring at post-partum day (PD) 25 and 70. 

Based on these results, we investigated the role of NAEs-PPARg pathway in PLAE-induced 
memory deficits. We performed two pharmacological approaches from PD25 to PD35 
followed by a battery of memory tests at PD60: i) URB597 (FAAH inhibitor to increase NAE 
levels) co-administered with GW9662 (PPARg antagonist to block its activation); ii) 
pioglitazone (PPARg agonist) to explore whether a direct PPARg activation is sufficient.  

Our results showed PLAE induces a general reduction of NAEs and PPARg in the 

hippocampus at PD25. Moreover, URB597 treatment restores PLAE-caused memory deficits 

through a PPARg-dependent mechanism, as shown when co-administered with GW9662. 

Lastly, pioglitazone is sufficient to improve PLAE-induced memory impairment. Overall, 

our findings suggest NAEs-PPARg pathway is involved in PLAE-induced memory deficits, 

which indicates this system might be a potential therapeutic target. 

 

  

mailto:alba.garcia@upf.edu
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PRENATAL EXPOSURE TO CIGARETTE SMOKE CAUSES SEVERAL CHANGES IN THE 

OXIDATIVE BALANCE OF BOTH MOTHERS AND NEWBORN RATS BRAIN  

YOSRA HAMDI, Azza Boulifi, Amine Cherif, Fethia Abidi, Taoufik Ghrairi, Olfa Masoudi-

Kouki 
Laboratory of Neurophysiology, Cellular Physiopathology and Biomelcules Valorisation 

LR18ES03, Department of Biological Sciences, Faculty of Science of Tunis, University Tunis El Manar, 2092 
Tunis, Tunisia 

h.yosra@yahoo.fr 

Maternal cigarette smoke exposure during gestation can cause several adverse effects in 
the offspring’s brain. Several factors may contribute including oxidative stress. In this 

study we investigated the effects of gestational cigarette exposure on reactive oxygen 
species (ROS) generation, lipid peroxidation, and antioxidant enzymes in cerebral cortex, 
hippocampus and cerebellum of both rat-mothers and their offspring. Pregnant females 
were randomly allocated to the control group or to the cigarette smoke group in which 
they were placed in an exposure chamber and inhale three cigarettes smoke twice a day 

during the gestational period. The control group was kept in the exposure chamber for 
the same duration, but without exposure to cigarette smoke. We have observed a 
significant increase of ROS generation and formation of lipid oxidation products, 
malondialdehyde, in cerebellum of both mothers and offspring. The pro-oxidant effect of 

prenatal cigarette smoke was associated with a reduction of the antioxidant superoxide 
dismutase and catalase activity in cerebellum of both mothers and offspring. However, no 
significant difference was observed in hippocampus and cerebral cortex for all 
measurements. Behavioral tests revealed that animals exposed to cigarette smoke during 
the prenatal period exhibited altered exploratory interest and increased anxiety. 

In conclusion, this study indicates that prenatal cigarette-smoke exposure can impair the 
brain functions of both mothers and newborns offspring. Especially cerebellum appears to 
be vulnerable to cigarette smoke suggestion that the vulnerability of brain to cigarette 
smoke is region-specific.  
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Day 1 | 09/25       14:30-16:30 

 

Arbatax Room       Symposium 2 

Plasticity of neuronal circuits underlying the high, the crash 

and the perseverance in drug addiction 

 

VARIATION IN THE ACUTE EFFECT OF NICOTINE ON VTA DA NEURONS  

PHILIPPE FAURE  
University Pierre & Marie Curie, Paris, France 

phfaure@gmail.com  

Inter-individual variability refers to differences in the expression of behaviors between 

members of a population. For instance, some individual takes more risks than other or are 

more attracted to immediate gains. This variability is also evident in the way one responds 

to environmental and social challenges, resulting in a heterogeneous expression of 

cognitive and task-related behaviors but also in response to drug of abuse. Nicotine 

stimulates dopamine (DA) neurons of the ventral tegmental area (VTA) to establish and 

maintain reinforcement but also have aversive effect. We found that nicotine injection 

evokes opposite functional responses of two distinct populations of VTA DA neurons with 

anatomically segregated projections: it activates neurons that project to the nucleus 

accumbens, whereas it inhibits neurons that project to the amygdala nuclei. These distinct 

subpopulations of DA neurons in the VTA with opposing responses to nicotine may account 

for a balance between the anxiogenic and reinforcing effects of nicotine. To probe the 

question of inter-individual variability in response to acute nicotine, we then study mice 

behaviors in a semi-naturalistic environment, and explore the role of social relationships 

in the shaping of individual behavior and in the response to nicotine. Overall, we examine 

hypothesis that changes in the DA networks link social influences with adaptations in non-

social behaviors and in response to nicotine. 

 

CAPTURING, TRACKING, AND PROFILING COCAINE-RECRUITED NEURONAL ENSEMBLES 

IN THE NUCLEUS ACCUMBENS 

 

MARINE SALERY, Arthur Godino, Yu Qing Xu, Leanne Holt, John F Fullard, Panos 

Roussos, Eric J Nestler 
Nash Family Department of Neuroscience, Icahn School of Medicine at Mount Sinai, New York City, New 

York, USA 

marine.salery@mssm.edu 

 

Learned associations between the rewarding effects of drugs and the context in which 
they are experienced are decisive for precipitated drug-seeking and relapse in addiction. 
These associative memories are stored in sparse and highly discriminative populations of 
concomitantly activated neurons defining drug-recruited neuronal ensembles. In this 

mailto:phfaure@gmail.com
mailto:marine.salery@mssm.edu
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study, we explore the dynamics and molecular mechanisms of both the recruitment of 
these ensembles upon initial drug exposure and their contribution to the encoding, 

strengthening and ultimately expression of drug-associated memories. Additionally, we 
explore the intrinsic and acquired cellular properties favoring the allocation of specific 
cells to these ensembles and/or predicting their further reactivation. Capita lizing on the 
activity-dependent labeling in Arc-CreERT2 mice (Denny et al., 2014), we captured and 
permanently tagged (fluorophores, channel-rhodopsin) cocaine-activated cells in the 

nucleus accumbens for further characterization, optogenetics, and nuclei  sorting. We 
identified subsets of neurons activated at both early and late stages of drug exposure and 
show that the reactivation of an initial ensemble correlates with behavioral sensitization. 
Similarly, re-exposure to a cocaine-paired context in a conditioned place preference (CPP) 

paradigm triggered cocaine ensembles’ reactivation. Using optogenetics-mediated 
artificial reactivation, we found that populations recruited at early versus late stages of 
drug exposure had opposite roles in CPP expression. Single nucleus RNA Sequencing was 
then performed on FACS-isolated tagged neurons, and we successfully isolated a cluster 
of reactivated cells within the initially activated ensemble. Together, this ensemble-

specific approach represents a pivotal step in identifying highly specific cellular processes 
involved in the encoding of pathological memories associated with addiction. 
 

CIRCUIT MECHANISMS UNDERLYING NEGATIVE ENCODING 

Mauro Congiu1, Yulong Li2, MANUEL MAMELI1,3 
1 University of Lausanne, Department of Fundamental Neuroscience, Lausanne 1005, Switzerland; 

 2 PKU-IDG–McGovern Institute for Brain Research, Beijing, 100871, China. 

 3 Inserm, UMR-S 839, 75005, Paris, France. 

manuel.mameli@unil.ch 

The ability to associate a neutral environmental stimulus with an aversive experience is 
fundamental for animal’s survival since it allows to anticipate negative outcomes. This 
process becomes aberrant in addicted individuals. The lateral habenula (LHb) is 
instrumental to compute aversive events and guides actions to avoid them and in parallel 

undergoes cellular and synaptic modification during withdrawal from drug intake. 
However, it remains elusive how LHb neuronal populations encode aversive events and 
whether plasticity occur to underlie learning processes. 
We study LHb neuronal dynamics in head-restrained mice undergoing a discriminatory 

Pavlovian aversive conditioning task. We employ two-photon calcium imaging and fiber 
photometry recordings to assess the postsynaptic and presynaptic principles occurring 
during conditioning.  
We find two populations of LHb neurons developing opposite dynamics to a punishment 
predictive cue (CS+) when mice display punishment anticipatory behaviors (i.e., eye 

blinking). Optogenetic manipulation of LHb neurons disrupt mouse ability to discriminate 
between neutral (CS-) and airpuff predictive (CS+) cues. Using fiber photometry we find 
that presynaptic dynamics do not follow postsynaptic plasticity indicative of postsynaptic 
mechanisms of expression. 

Overall, our results indicate that two sub-populations of LHb neurons develop opposite 
responses to punishment predictive cues, which are relevant for mouse optimal 
performance. These data are informative in the context of addictive behaviours where 

the ability to anticipate threats appropriately is aberrant. 

 

mailto:manuel.mameli@unil.ch
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ACUTE MORPHINE EFFECTS ON MIDBRAIN DOPAMINE NEURON SUBTHRESHOLD 

ACTIVITY IN VIVO 

CARLOS PALADINI 
University of Texas at San Antonio (UTSA), Texas, USA 

carlos.paladini@utsa.edu  

 

ABSTRACT NA 
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Day 1 | 09/25       14:30-16:30 

 

Carbonara Room       Symposium 3 

Application of rTMS in Addiction Medicine 

 
ACCELERATED TBS SESSIONS FOR ADDICTION TREATMENT 

 

VAUGHN R. STEELE 
Yale School of Medicine, Department of Psychiatry, New Haven, CT, USA 

vaughn.steele@yale.edu 

 
Developing new, effective treatments for substance use disorders (SUDs), are of immense 

importance. A potential treatment is therapeutically inducing neuroplastic change in 

targeted dysregulated circuits with repetitive transcranial magnetic stimulation (rTMS). 

By applying rTMS and noninvasively stimulating cortical structures to induce subcortical 

neuroplastic change, rTMS ameliorates symptoms that are consequent of dysregulations 

in disease-related circuits, such as craving, and reduces drug use. Nonetheless, progress 

toward treatment applications for SUDs has been stymied by what we dub “known 

unknowns”. To highlight these known unknowns, we present an exemplar study where 

accelerated intermittent theta-burst stimulation (iTBS) is applied chronically to reduce 

cocaine use. Actively using cocaine dependent participants (n=9) completed 2-weeks of 

accelerated iTBS (3 sessions per day for 10 days) applied to the left dorsolateral prefrontal 

cortex and returned to assess behavioral changes four weeks post-intervention. Cocaine 

consumption reduced by 78%, and amount spent reduced by 70%. This study exemplifies 

the potential for chronic application of accelerated iTBS as an intervention for SUDs. In 

discussing this study, we articulate six “known unknowns” and outline a direction of 

research to address each. Briefly, the “known unknowns” in the field are: 1) Cortical 

target selection, 2) subcortical circuit engagement, 3) optimizing rTMS sequences, 4) rTMS 

as an adjuvant to existing interventions, 5) manipulating brain state, and 6) selecting 

outcome measures. Unification of efforts across research laboratories is necessary to 

develop empirically validated treatments to benefit patients in a timely fashion.  

 

ROLE OF RTMS IN MANAGING COCAINE USE DISORDER: A RANDOMISED, DOUBLE-BLIND, 
SHAM-CONTROLLED STUDY IN COCAINE CONSUMPTION AND CRAVING 

 
GUIDO MANNAIONI, Francesco Lolli 

Department of Neuroscience, Psychology, Drug Research and Child Health (NEUROFARBA), Section of 

Pharmacology and Toxicology, Università degli Studi di Firenze, Firenze, Italy. 
 guido.mannaioni@unifi.it  

 

Cocaine use disorder (CUD) is a global health issue with no effective treatment. Repetitive 

Transcranial Magnetic Stimulation (rTMS) is a recently proposed therapy for CUD. We 

conducted a single-center, randomised, sham-controlled, blinded, parallel-group research 

with patients randomly allocated to rTMS (15 Hz) or Sham group (1:1) using a computerised 

mailto:vaughn.steele@yale.edu
mailto:guido.mannaioni@unifi.it
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block randomisation process. We enrolled 62 of 81 CUD patients in two years. Patients 

were followed for eight weeks after receiving 15 15 Hz rTMS/sham sessions over the left 

dorsolateral prefrontal cortex (DLPFC) during the first three weeks of the study. We 

targeted the DLFPC following the 5 cm method. Cocaine lapses in twice a week urine tests 

were the primary outcome. The secondary outcomes were craving severity, cocaine use 

pattern, and psychometric assessments. We randomly allocated patients to either an 

active rTMS group (32 subjects) or a sham-treatment group (30 subjects). Thirteen (42%) 

and twelve (43.3%) of the subjects in rTMS and sham groups, respectively, completed the 

full trial regimen, displaying a high dropout rate. Ten/30 (33%) of rTMS-treated patients 

tested negative for cocaine in urine, in contrast to 4/27 of placebo controls (p = 0.18, odd 

ratio 2.88, CI 0.9–10). The Kaplan-Meier survival curve did not state a significant change 

between the treated and sham groups in the time of cocaine urine negativisation (p = 

0.20). However, the severity of cocaine-related cues mediated craving (VAS peak) was 

substantially decreased in the rTMS treated group (p<0.03) after treatment at T1, 

corresponding to the end of rTMS treatment. Furthermore, in the rTMS and sham groups, 

self-reported days of cocaine use decreased significantly (p<0.03). Finally, psychometric 

impulsivity parameters improved in rTMS-treated patients, while depression scales 

improved in both groups. In conclusion, rTMS could be a useful tool for lowering cocaine 

craving and consumption in CUD. 

 

NON-CONVULSIVE ELECTRO-STIMULATION FOR COMORBIDITIES:  

CHRONIC PAIN, DEPRESSION, AND SUD 

DIANA MARTINEZ 
Department of Psychiatry, Columbia University Irving Medical Center, New York, New York. 

dm437@cumc.columbia.edu 

Chronic non-cancer pain (CNCP) is a prevalent disorder that is often difficult to treat. 

Furthermore, CNCP is often comorbid with psychiatric disorders, including major 

depression and substance use disorder (SUD). Previous studies show that patients with 

CNCP often struggle with an addiction to opioids, alcohol, cannabis, and/or tobacco. 

Among clinicians who treat pain, CNCP patients with comorbid addiction present a clinical 

quandary, with few treatment options available. 

Our group is investigating Transcranial Electro-Stimulation Therapy (TEST) as a potential 

therapy for CNCP with comorbid SUD and depression. TEST is similar to electroconvulsive 

therapy (ECT) in that an electrical stimulus is delivered to the prefrontal cortex. However, 

TEST uses a much lower dose which does not elicit a seizure and has fewer side effects 

compared to ECT. Additionally, the electrode placement for TEST differs from traditional 

ECT, in order to better target the brain regions known to be involved with chronic pain. 

These regions include the medial prefrontal cortex (PFC) and anterior cingulate (ACC), 

and previous imaging studies show that these regions are heavily implicated in both SUD 

and the chronification of pain.  

The goals of this study are to determine the feasibility, tolerability, and early efficacy of 

TEST in an open label manner. All participants undergo 8-9 sessions of TEST while admitted 

to an inpatient research unit. Participants are asked to rate their symptoms and to 

complete cognitive testing, before and after the series of TEST sessions. After discharge 
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from the inpatient unit, participants are followed up for six weeks in order to assess any 

change in drug use, pain, or depression. In this presentation, data from enrolled 

participants will be discussed with respect to their psychiatric symptoms and cognitive 

performance.  

 

CHANGING THE TRAJECTORIES OF DECISION-MAKING IN GAMBLING AND COCAINE 

ADDICTION 

MAURO PETTORRUSO1, Giovanna Bubbico1,2, Francesco Di Carlo1, Cinzia Calluso3, 

Annalisa Tosoni1, Lorenza Lucidi1, Eleonora Grande1, Giorgia Committeri1, Massimo Di 

Giannatonio1, Giovanni Martinotti1 

1 Department of Neuroscience, Imaging and Clinical Sciences, “G. d’Annunzio” University, Chieti, Italy 
2 Department of Neurology, University of California, Irvine, USA 

3 Department of Business and Management, LUISS Guido Carli University, Rome, Italy 

mauro.pettorruso@unich.it  

Addictions are associated with dysfunctions in both the reward system and prefrontal 
cortex activity. Among these, the focal points are the inability to delay gratification and 
impaired decision-making. Neuromodulation interventions represent a potential 

treatment for reducing delay discounting (DD) among patients with addictions, as cocaine 
use disorder (CUD) and gambling disorder (GD).  
Here we investigated the implicit mechanisms underlying the DD behaviour by tracking 
mouse kinematic during an intertemporal choice task (ICT). We collected ICTs and 

kinematics measures in 11 patients with CUD treated with 2-week intensive repetitive 
transcranial magnetic stimulation (rTMS) and in 10 CUD patients undergoing sham 
stimulation. Each high frequency (15 Hz) rTMS session was delivered on the left 
dorsolateral prefrontal cortex (DLPFC). DD was measured before and after rTMS 
treatment.  

Despite a non-significant reduction in DD, preliminary results highlight a significant 
difference in the mouse kinematics between the two groups with straighter-line 
trajectories and shorter response times when the delayed reward was selected in the post-
rTMS treatment.  

The higher attraction toward the farsighted options suggests that neuromodulation could 

modify the implicit decision-making mechanism in a delayed gratification trend. 
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IDENTIFYING TARGETS FOR TMS TREATMENT IN COCAINE USE DISORDER 

BETTY JO SALMERON, Tianye Zhai, Yihong Yang 
Neuroimaging Research Branch, NIDA-IRP, Baltimore, MD, USA 

bsalmeron@mail.nih.gov 

Abstract: Many brain regions have been implicated in cocaine use disorder (CUD) and some 

may potentially serve as treatment targets for TMS. We propose using Cox regression 

models on fMRI resting connectivity data collected at the end of standard treatment to 

identify specific targets within regions known to be involved in CUD whose connectivity to 

the rest of the brain relates to relapse risk following treatment. We have applied this 

approach to the dorsolateral prefrontal cortex (DLPFC) and orbitofrontal cortex (OFC). 

Resting-state fMRI data from 45 patients scanned at the end of a standard 30-day inpatient 

psychosocial treatment with 6 months follow-up were used. For DLPFC, we placed 98 seeds 

over the surface of the bilateral DLPFC and calculated connectivity with the rest of the 

brain. Cox regression model identified 3 regions-of-interest (ROIs), one in left and two in 

right DLPFC, whose connectivity predicted relapse to cocaine with accuracy of 83.9%, 

84.6% and 85.4%, respectively, with each ROI having both protective and risk circuits 

associated with it.  

For OFC, 20 subregions of OFC derived from the MNI_HCP multi-model parcellation served 

as seeds. Two seeds, both on the left, significantly predicted cocaine relapse with 91.4% 

and 87.1% accuracy. Combining the significant protective and risk components from the 

two ROIs yielded accuracy of 91.4%. Applying this model to an independent cohort of 36 

participants scanned at the end of a 2–4-week inpatient treatment and followed for 90 

days yielded accurate prediction of relapse in 75.9%. 

Supported by NIDA-IRP 
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Day 1 | 09/25       17:00 - 19:00 

 

Arbatax Room       Symposium 4 

Improving performance in sports and exercise: the use and 

abuse of addictive drugs as a new HEALTH hazard 

 

SPORT AND PHYSICAL EXERCISE: FOES OR FRIENDS IN THE ADDICTION FIELD? 

THOMAS ZANDONAI1,2,3, Mónica Escorial García2,4, Agustín Manresa-Rocamora5, Ana 

María Peiró1,2,4,6,7 
1Department of Pharmacology, Paediatrics and Organic Chemistry, Miguel Hernández University of Elche, 

Sant Joan, Alicante, Spain. 
2Neuropharmacology on Pain and Functional Diversity (NED), Institute of Health and Biomedical Research 

of Alicante (ISABIAL), Alicante, Spain. 
3Department of Social and Developmental Psychology “Sapienza” University of Rome, Rome, Italy. 

4Institute of Bioengineering, Miguel Hernández University, Elche, Spain. 
5Institute of Health and Biomedical Research of Alicante (ISABIAL), Alicante, Spain. 

6Pain Unit, Dr. Balmis General University Hospital, ISABIAL, Alicante, Spain. 
7Clinical Pharmacology Department, Dr. Balmis General University Hospital, Alicante, Spain. 

tzandonai@umh.es 

There is irrefutable evidence demonstrating the beneficial effects of exercise in the 

prevention and treatment of various illnesses. Benefits can be obtained both at a 

physiological level and on cognitive functions. It is important to emphasise that "exercise 

prescription" must be targeted, individualised and scientific evidence-based. Moreover, 

the sporting world is also a mirror of society, which needs prevention models and early 

detection tools for certain processes, such as addiction. In fact, athletes take different 

type of drugs (stimulants, analgesics, narcotics, etc.) and for various reasons (attempt to 

improve performance, pain control, rest, etc.). Exists a risk that this behaviour turns into 

a substance use disorder (SUD). The most effective treatments for SUD include a 

combination of psychotherapeutic, psychosocial and/or pharmacological interventions. 

Physical exercise could be a useful adjuvant for this treatment and it could help increase 

the positive effect of each therapies employed. In recent years, the scientific literature 

has revealed conflicting results of the effectiveness of the protocols used in the various 

studies. Further investigations are needed to propose new intervention strategies that 

could stimulate experts (e.g., clinical) to include exercise in the treatment of addiction. 
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NO PAIN NO GAIN: GENDER DIFFERENCE IN MANAGING PHYSICAL EXERCISE PAIN 

THROUGH OPIOID AND ANALGESICS ABUSE 

ANA MARÍA PEIRÓ1,2,3,4,5, Mónica Escorial García2,3, Javier Muriel Serrano2, César Margarit 

Ferri2,4, Laura Agulló Antón2,3, Domingo Morales González6, Thomas Zandonai1,2,7 

1Department of Pharmacology, Paediatrics and Organic Chemistry, Miguel Hernández University of Elche, 

Crta. Nacional, N-332. s/n, 03550 Sant Joan, Alicante, Spain. 
2Neuropharmacology on Pain and Functional Diversity (NED), Institute of Health and Biomedical Research 

of Alicante (ISABIAL), c/ Pintor Baeza, 12, 03010, Alicante, Spain. 
3Institute of Bioengineering, Miguel Hernández University, Avda. de la Universidad s/n, 03202, Elche, 

Spain. 
4Pain Unit, Dr. Balmis General University Hospital, ISABIAL, c/ Pintor Baeza, 12, 03010, Alicante, Spain. 
5Clinical Pharmacology Department, Dr. Balmis General University Hospital, c/ Pintor Baeza, 12, 03010 

Alicante, Spain. 
6Operations Research Centre, Miguel Hernández University, Avda. de la Universidad s/n, 03202, Elche, 

Spain 
7Department of Social and Developmental Psychology “Sapienza” University of Rome, via dei Marsi, 70, 

00185, Rome, Italy. 
apeiro@umh.es  

The chronicity of the pain frequently leads to the prescription of opioid analgesics long-

term, and may lead to the appearance of dependence on prescription opioids. We 

developed a prediction model for dependence on prescription opioids in patients with 

chronic non-cancer pain. Through five predictors: i) age, ii) employment status-incapacity 

for work, iii) prescription of analgesics, adjuvants and equivalent daily dose of morphine, 

iv) OPRM1 genotype, and v) CYP2D6 phenotype, we evidenced a good discriminatory ability 

and calibration of our prediction model for dependence on prescription opioids. The 

development of this tool is the first step for its incorporation in the clinical routine and it 

also could be employed in sporting world. Indeed, the use of analgesics and opioid among 

athletes, to contrast pain is increasing, also when no clear clinical motivation exist. 

However, scientific information regarding the prevalence of analgesic medication use 

among competitive athletes and their effects on athletes’ health is scattered. This 

information gap prevents experts from making policy or treatment recommendations on 

the use of pain medications among athletes, also when it comes to opioid analgesics with 

its associated high risk of addition. Also, today more women are attending sports than 

ever before. However, there are few studies of potential gender differences related to 

substance use pattern in a sports context, or of substance misuse among female athletes. 
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HOOKED ON HORMONES – MECHANISMS AND BEHAVIOR ASSOCIATED WITH ANABOLIC-
ANDROGENIC STEROID (AAS) DEPENDENCE 

 
ASTRID BJØRNEBEKK1, Lisa Evju Hauger1,2, Morgan Scarth1 

1 The Anabolic Androgenic Steroid Research Group, Section for Clinical Addiction Research, Division of 
Mental Health and Addiction, Oslo University Hospital, Norway 

2 National Centre for Epilepsy in Norway (SSE), Oslo University Hospital, Norway 
askrbj@ous-hf.no 

 

The use of anabolic-androgenic steroids (AAS) in order to gain muscles for cosmetic or 
athletic purposes has grown to become a major public health problem, due to its 
potentially severe long-term health consequences. AAS use is associated with a range of 
consequences, including psychiatric, cognitive and cardiac deficits, where those who 
develop dependence have the highest risks of serious complications. The mechanisms 

underlying AAS dependence are not fully understood, but there may be shared factors 
with other drugs of abuse. Through many years we have gathered numerous data on a 
large sample of male AAS-users and non-exposed weightlifters, including repeated brain 
scanning, personality, mental health, and cognitive data, aiming to understand the impact 

of high-dose AAS use on the brain, and to identify traits or markers putting people at risk 
for developing AAS-dependence. We have shown that long-term AAS use is associated with 
smaller total brain volumes, thinner cerebral cortex in widespread areas and higher-than-
expected brain age. Furthermore, AAS dependence was associated with poorer executive 

function both on neurocognitive test and self-report questionnaires assessing executive 
function in everyday life compared to non-using weightlifters. In line with this the 
neuroimaging findings show that AAS dependents have higher relative brain age and 
thinner cortex in prefrontal regions implicated in cognitive control. Lastly, using network 
analysis we have identified that certain dependence symptoms seem more central than 

others, and therefore constitute targets for clinical care. 
 

SEX DIFFERENCES IN ANABOLIC ANDROGENIC STEROID USE AND DEPENDENCE 

MORGAN SCARTH 
The Anabolic Androgenic Steroid Research Group, National Advisory Unit on Substance Use Disorder 

Treatment, the Division of Mental Health and Addiction, Oslo University Hospital, Oslo, Norway. 

morgan.scarth@gmail.com 

The use of AAS among females is an under-researched area due to the perceived low 

prevalence and hard-to-reach population. However, there are significant risks 

associated with using these substances. In addition to the mental and physical side effects 

that male users experiences, female users may also experience undesired masculinizing 

effects such as increased facial and body hair, deeper voice, and gonadal dysfunction. 

PhD student Morgan Scarth will present findings on AAS use among females, with 

particular emphasis on differences and similarities between male and female users with 

regard to risk factors, motivation for use, and psychiatric traits. This will take into 

account particular vulnerabilities for prolonged use and dependence. 
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Day 1 | 09/25       17:00 - 19:00 

 

Carbonara Room       Symposium 5 

Shedding light on the interaction between drugs of abuse and 

social behavior 

 

TO FIGHT OR NOT TO FIGHT: ACTIVATION OF NEURAL CRF CIRCUITS IN VTA-MPFC FOR 

AGGRESSIVE MOTIVATION AND DECISION MAKING AFTER ETHANOL CONSUMPTION IN A 

NOVEL MURINE MODEL 

KLAUS A. MICZEK, Naz Akdilek, Vania M. M. Ferreira, Michael Z. Leonard, Herb E. 

Covington 3rd 
Depts. Psychology, Neuroscience, Tufts Univ., Medford and Boston, Massachusetts, USA 

klaus.miczek@tufts.edu 

The effects of alcohol on the decision to engage in aggressive behavior in preference over 

sociosexual contact is hypothesized to be based on medial Prefrontal Cortex-Ventral 

Tegmental Area (PFC-VTA) connections that differ from those necessary for the actual 

execution of these pro- and anti-social behaviors. In a newly developed procedure, we 

studied social choice in male and female C57BL/6J mice based on preferentially seeking 

access to sociosexual interactions with a female partner vs. attacking an intruder.  While 

deciding to engage in aggressive vs. sociosexual behavior, neural activation was studied 

with c-fos immunohistochemistry in cortical, amygdaloid and tegmental regions of 

interest. Adult male B6 mice demonstrated sexual competence by siring offspring. During 

repeated confrontations with an intruder male in their home cage they exhibited pursuit, 

threat and attack behavior within less than 5 min. The mice were then conditioned to 

respond at an illuminated operandum in an experimental octagon chamber attached to 

their home cage; completion of 10 responses (Fixed Ratio 10; FR10) was reinforced by 

access to either a female or a male intruder which were presented in the attached 

resident’s home cage. Brains were harvested at the moment of choice between the 

concurrently available aggressive and sociosexual options. Immuno-stained c-fos in 10 

brain regions of interest was analyzed by fluorescence microscopy. The effects of ethanol 

self-administration were examined on choice for aggressive behavior and on c-fos 

expression in the mPFC-VTA pathway. Eight out of 65 male mice chose to complete 

consistently the FR 10 response option that was reinforced by aggressive behavior toward 

a male intruder, while not responding on the concurrently available option that was 

reinforced by sociosexual contact with a female. Self-administered alcohol (1-1.5 g/kg) 

increased responding for the aggressive option in most mice. When choosing the 

aggressive, but not the sociosexual option, the prelimbic area of the PFC revealed more 

c-fos activity prompting more detailed inquiry into the neural mechanisms for aggressive 

choice. CRF R1 antagonist prevented the shift to aggressive choice after voluntary alcohol 

consumption.  
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HOW DIRECT SOCIAL PRESENCE MODULATES DRUG INTAKE AND ROLE OF THE 

SUBTHALAMIC NUCLEUS IN THIS EFFECT 

CHRISTELLE BAUNEZ  
Institut de Neurosciences de la Timone (INT) UMR7289 CNRS & Aix-Marseille Université, Marseille, France. 

christelle.baunez@univ-amu.fr  

Drug consumption often occurs in a social context that has been studied by social sciences 

but relatively poorly by neuroscientists. Here we have investigated the influence of either 

the direct presence of a peer or playback of ultrasonic vocalizations of a peer during self-

administration sessions of cocaine or alcohol in rats. We have further studied the influence 

of the familiarity with the peer (stranger vs familiar) on the consumption in these various 

conditions. We have found that the presence of a stranger rat or playback of positive USV 

emitted by a stranger are the best conditions to reduce cocaine consumption. This effect 

remains even after rats have gone through escalation of cocaine intake and was also found 

in a study assessing human consumption (Giorla et al 2022). In our rat studies, we have 

shown that this influence of the social context can be modulated by manipulations 

(lesions, deep brain stimulation at high frequency or optogenetic inhibition) of the 

subthalamic nucleus (STN). Taken together, our results suggest that manipulation of both 

the social context and the STN could be beneficial to treat addiction. 

 

EXCLUSIVE PREFERENCE FOR ALCOHOL OVER SOCIAL INTERACTION  

IN A DISCRETE-CHOICE RAT MODEL 

Gaëlle Augier1, Veronika Schwabl1, Asmae Lguensat1, Mihai Atudorei1, ERIC AUGIER1 

1Center for Social and Affective Neuroscience, BKV, Augier lab, Linköping University, Linköping, 58185, 

Sweden 

eric.augier@liu.se 

Animal models of substance use disorders have been criticized for their limited 

translation. One important factor behind seeking and taking that has so far been largely 

overlooked is the availability of alternative non-drug rewards. We recently reported that 

only about 15% of outbred Wistar rats will choose alcohol over a sweet solution of 

saccharin. In parallel, it was shown using a novel operant model of choice of drugs over 

social rewards that social interaction consistently attenuates self-administration and 

craving for stimulants and opioids. Whether this is also true for alcohol and choice of 

alcohol over a sweet reward translates to social rewards is currently unknown. We 

therefore evaluated choice between alcohol and a social reward in different experimental 

settings in both male and females Wistar rats. We found, in marked contrast to prior work 

that employed discrete choice of drugs versus social reward, that rats almost exclusively 

prefer alcohol over social interaction, irrespective of the nature of the social partner 

(cagemate vs. novel rat), the length of interaction, housing conditions and sex. Alcohol 

choice was reduced when the response requirement for alcohol was increased. However, 

rats persisted in choosing alcohol, even when the effort required to obtain it was 10 to 16 

times higher (for females and males respectively) than the one for the social reward. 

Finally, we found that the GABAB PAM ADX 71 441 but not naltrexone reduces alcohol 

choice, although this was not accompanied by a shift towards the social reward. 

Altogether, these results indicate that the social choice model may not generalize to 
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alcohol, pointing to the possibility that specific interactions between alcohol and social 

reward, not seen when a sweet solution is used as an alternative to the drug, may play a 

crucial role in alcohol vs social choice experiments. 

 

PLAY BEHAVIOR DURING EARLY DEVELOPMENT AS A FACTOR FOR RISK OR RESILIENCE 

TO CONSUME ALCOHOL AND LOSE CONTROL OVER ALCOHOL SEEKING IN RATS 

Marijke Achterberg1, Ate Bijlsma1, Louk Vanderschuren1, HEIDI  LESSCHER1* 
1Department of Animals in Science and Society, Division of Behavioural Neuroscience, Faculty of 

Veterinary Medicine, Utrecht University, The Netherlands. 

H.M.B.Lesscher@uu.nl  

Social play interactions, which are abundantly expressed by young mammals, are 

of great importance for social, cognitive and emotional development. The rewarding 
effects of social play, other natural rewards and drugs of abuse are thought to be mediated 
by overlapping neural systems. Therefore, impaired or disrupted social play behaviour may 
cause long-lasting changes in brain reward circuits that increase the risk for psychiatric 
disorders, such as AUD. Rats that were deprived from social play show impairments in 

cognitive tasks, particularly under challenging conditions. Given that losing control over 
alcohol use is a key characteristic of alcohol use disorder (AUD), we questioned whether 
play behaviour during early development could determine an individual’s risk or resilience 
to develop addiction-like behaviour.  

We have shown that deprivation from social play, by individually housing the rats from 
postnatal day 21-42, increases alcohol consumption in adulthood. Furthermore, rats with 
a high intrinsic tendency to engage in social play consumed more alcohol when compared 
to their low playing counterparts. However, the high players show conditioned 

suppression, while low players appear resistant to conditioned suppression, suggesting 
that high players may be more resilient to lose control over alcohol use. Recent studies in 
our lab are aimed at unraveling the underlying mechanisms through which play may affect 
cognitive control and susceptibility to addiction-like behavior. Electrophysiological 
recordings from prefrontal cortex pyramidal neurons of rats that were deprived from 

social play suggest that play deprivation reduces prefrontal inhibition. These data suggest 

a complex relationship between playful behaviour and alcohol intake.  
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CORTICAL ASTROCYTES MODULATE EMOTION DISCRIMINATION THROUGH THE 

CANNABINOID SYSTEM 

FRANCESCO PAPALEO 
Istituto Italiano di Tecnologia, Genova, Italy 

francesco.papaleo@iit.it  

Within the “social brain”, the prefrontal cortex (PFC) orchestrates a top-down control of 
social cognitive processes, including the ability to understand others’ emotional states. 

Accumulating evidence are proving a pivotal role of astrocytes in brain functions and 
behavior. However, how these glial cells mediate socio-cognitive processes are still 
unexplored.  
The endocannabinoid system has been implicated as major modulator of astrocytic 

activity. Yet, the specific involvement of astrocytic cannabinoid signaling in distinct socio-
cognitive behaviors is scarcely addressed. 
Here, combining in vivo chemogenetics and genetics manipulations with a behavioral task 
designed to study in mice the ability to perceive, process and react to others’ emotions, 
we assessed the role of PFC astrocytes in emotion discrimination. Furthermore, we 

investigated the influence of PFC astrocytic cannabinoid receptor 1 in social cognition. 
Our data revealed that activation of cortical astrocytes increase the preference towards 
emotionally altered mice compared to those in a neutral state. Furthermore, we observed 
that chemogenetics activation of PFC astrocytes might rescue emotion discrimination 

deficits induced by systemic THC administration. Our findings indicate a prominent role 

of PFC astrocytes and cannabinoid system in emotion recognition abilities. 
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Day 2 | 09/26       09:00-10:00 

 

Arbatax Room       Plenary Lecture 

DANGEROUS LIAISONS: HOW A GENERAL THEORY OF ADDICTION SUBDUES THE 

DEVELOPMENT OF NEW TREATMENTS 

PIER VINCENZO PIAZZA 
CEO Aelis Farma, Bordeaux, France 

 

 

 

Day 2 | 09/26       10:00-10:30 

 

Coffee break – Poster session 1 (posters 1-4) 

P1 A LOOK INTO THE GLUTAMATERGIC NEURONS IN THE VENTRAL PALLIDUM 

LIRAN A. LEVI, Kineret Inbar, Dorrit Inbar, Yonatan M. Kupchik 
Department of Medical Neurobiology, Faculty of Medicine, the Institute for Medical Research Israel-

Canada, the Hebrew University of Jerusalem, Israel. 

liran.levi1@mail.huji.ac.il ; liranbs@gmail.com 

The ventral pallidum (VP) is a key component in the reward and motivation system. 
Although it is traditionally considered an inhibitory region, as it contains mostly GABAergic 

neurons, recent studies revealed that the VP contains a small number of glutamatergic 
neurons (VPvGluT2). The VPvGluT2 neurons were found to induce aversion, in contrast to the 
rewarding effect of the VP GABAergic (VPGABA) neurons; yet, their role in addiction has not 
been studied.  

Here we used optogenetic methods together with electrophysiological tools to determine 
the physiological characteristics and connectivity of VPvGluT2 neurons, and the effect of 
cocaine exposure and withdrawal on their synapses with other reward-related regions - 
VPvGluT2 neurons, VPGABA neurons, GABA and dopamine neurons in the ventral tegmental 
area (VTA) and neurons in the lateral habenula (LHb). We found the VPvGluT2 makes the 

strongest synapses on the LHb and on each other and that abstinence from cocaine 
strengthened the VPvGluT2 synapses on classic aversive targets (LHb and VTAGABA neurons), 
while all other synapses were weakened. Lastly, we explored the effect of a single cocaine 
injection after abstinence from repeated cocaine exposure and found that it restored the 

baseline synaptic connectivity seen before abstinence, only in the aversive synapses. 
Our data revealed that the VPvGluT2 neurons are mainly connected to neurons considered 
aversive. Moreover, their connections with their “aversive” targets are strengthened after 
exposure to cocaine and subsequent withdrawal. Finally, the synaptic changes seem to be 

reversed by a single cocaine injection. 
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P2 NALOXONE-MEDIATED PROTECTION AGAINST H2O2-INDUCED OXIDATIVE STRESS: 

STUDY ON PC12 CELLS AND IN A CELL-FREE SYSTEM 
 

Rossana Mighelia, Giada Lostiaa, Ramtin Rahmania, Gaia Rocchittaa, Elio Acquasb, 

ALESSANDRA T. PEANAa  

a Department of Medicine, Surgery and Pharmacy, University of Sassari, Italy. 
b Department of Life and Environmental Sciences and Center of Excellence for the Study of Neurobiology 

of Addiction, University of Cagliari, Italy. 

apeana@uniss.it 

Naloxone (NLX) can attenuate the degeneration of dopaminergic neurons by inhibiting 
superoxide production in microglia, and recent advances suggest that NLX reduces 

oxidative stress in motor neurons, as well as in microglial cells. NLX is also efficacy in 
different experimental in-vivo models of stroke, brain trauma, brain and myocardial 
ischemia and spinal cord injuries in which also oxidative stress plays an important role. 
The present study aims at verifying the hypothesis that NLX could prevent oxidative stress 

induced by hydrogen peroxide (H2O2) in rat pheochromocytoma (PC12) cells. These cells 
originate from the adrenal medulla and are considered a neuronal cell model.  
NLX was tested, in PC12 cells on H2O2-induced: a) overproduction of intracellular levels of 
reactive- oxygen-species (ROS); b) apoptosis; c) modification of cells’ cycle distribution; 
and d) damage of cells’ plasma membrane. To better investigate the antioxidant effect 

of NLX we also performed electrochemical experiments by means of platinum-based 
sensors in a cell-free system. 
This study reveals that NLX counteracts intracellular ROS production, reduces H2O2-
induced apoptosis, and prevents the oxidative damage-dependent increases of the 

percentage of cells in G2/M phase. Likewise, NLX protects PC12 cells from H2O2- induced 
oxidative damage, by preventing the increase of lactate dehydrogenase release. 
Moreover, electrochemical experiments confirmed the antioxidant properties of NLX. 
Overall, these findings provide a starting point for studying further the protective effects 
of NLX on oxidative stress. 

 

P3 SCLEROCARYA BIRREA, NAUCLEA LATIFOLIA AND PIPER LONGUM MIXTURE IMPROVES 

OXIDATIVE STRESS AND NEUROINFLAMMATION IN A RAT MODEL OF TYPE 2 DIABETES-
INDUCED LOCOMOTION DISORDERS 

 
JEAN PHILIPPE DJIENTCHEU TIENTCHEU, Florence Ngueguim Tsofack, Rodrigue Ngapout 

Fifen, Paul Désiré Dzeufiet Djomeni, Théophile Dimo 
*Department of Animal Biology and Physiology, University of Yaoundé I, Yaoundé, Cameroon, email: 

philippedjientstar@gmail.com 

Among all complications of type 2 diabetes (T2D), locomotor disorders are less well 
studied and understood. Therefore, no disease-modifying treatment is often considered. 

The study aimed to investigate the effect of the aqueous extract of Sclerocarya birrea, 
Nauclea latifolia and Piper longum (SNP) mixture on spontaneous locomotion in 
fructose/streptozotocin-induced diabetic rats. T2D was induced by 10 % fructose orally (6 
weeks) and streptozotocin (STZ, 35 mg/kg, iv) in 30 male rats. Six weeks post-STZ, 

diabetic rats (Glycemia: 126 and 350 mg/dl) were subjected to open field test for 10 min 
to assess locomotor activity. A normal control (NC, 10 rats) was used throughout the study. 
Diabetic rats were then divided into four groups: diabetic control, Metformin (200) and 
two extract-treated groups (150, 300). Glycemia was evaluated every week and 
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treatments were given for 21 days, followed by the open field test. Rats were sacrificed 
and the striatum was collected for biochemical and histologic studies. Results showed a 

slowdown in locomotion in diabetic rats characterized by greater freezing time, decreased 
mobility time, number of lines crossed and total travel time compared to NC. MDA, TNF-
α, INF-γ and nitrite levels were elevated, whereas catalase activity, as well as GSH level, 
was decreased in the striatum of diabetic rats, suggesting oxidative stress and 
neuroinflammatory changes. Treatment with the aqueous extract of SNP mixture 

significantly ameliorates T2D-induced locomotor dysfunction. Thus, our results confirm 
the capacity of the mixture as a glucose-lowering product, an antioxidant and anti-

inflammatory agent, to correct locomotion disorders related to diabetes. 

 

P4 PRENATAL CANNABIS EXPOSURE PRODUCES SEX-SPECIFIC COMPULSIVE-LIKE 

BEHAVIOR AND INCREASES CORTICAL NEURON EXCITABILITY IN PRE-ADOLESCENT 

RATS 

SONIA ARONI, Francesco Traccis, Valeria Serra, Paola Devoto, Miriam Melis 
Department of Biomedical Sciences, Section of Neurosciences and Clinical Pharmacology, University of 

Cagliari, Cittadella Universitaria, Monserrato (CA), Italy 

sonia.aroni@unica.it 

Cannabis is the most common drug abused worldwide. Due to its increasing social 
acceptance, its misuse has extended to pregnant women. Prenatal cannabis exposure 
(PCE) is associated with adverse neurodevelopmental outcomes, including risk-taking 
behaviors, impulsivity, and early experimentation with drugs of abuse, which manifest 
during childhood and persist throughout adolescence. Of note, PCE neurobehavioral 

outcomes are suggestive of alterations in normal dopamine trajectories and prefrontal 
cortex (PFC) development. However, studies examining whether PFC is operational in PCE 
progeny are limited, especially at pre-adolescence, a window of heightened plasticity 
and, therefore, vulnerability. To this aim, we used a rat model of PCE to examine intrinsic 

properties of PFC pyramidal neurons, dopamine levels within the PFC and PFC function 
behavioral readout by means of marble-burying test (MBT) in both sexes.  
Our electrophysiological analyses revealed that, at pre-adolescence, PCE male pyramidal 
neurons already exhibit an enhanced excitability, although no differences in dopamine 
levels were detected among groups, under basal conditions and also in response to acute 

Δ9-tetrahydrocannabinol, the psychoactive ingredient of cannabis. MBT indicated that PCE 
male rats display an increased compulsion measured as a higher number of marbles buried 
and the time spent digging. Notably, the number of marbles buried inversely correlates 
with dopamine levels in the PFC. 

Collectively, our findings extend our knowledge on the sex-specific effects of PCE to 
compulsive-like behaviors associated to an increased PFC pyramidal cell excitability during 
a sensitive window of vulnerability, i.e., pre-adolescence, and hold potential for 
reorienting developmental trajectories and abnormal behavior. 
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Cannabinoid actions in the brain: new fields, new players, new 

games 

NEURON-ASTROCYTE CIRCUITRIES WITHIN THE NUCLEUS ACCUMBENS 

MARTA NAVARRETE 
Instituto Cajal, Consejo Superior de Investigaciones Científicas, Madrid, Spain 

 mllinas@cajal.csic.es 

Unravelling the principles of information processing in complex cellular circuits requires 
techniques capable of specifically targeting and modulating the activity of the elements 

involved.  
Neuro-astrocyte networks display a surprising degree of complexity and state-of-the-art 
complementary tools are required to understand astrocyte involvement in circuit 
modulation and behavior. Although the evolution of genetic tools to study and control 

these circuits has focused mainly on neuronal activity, in this talk, I will show newly 
developed techniques to specifically dissect the active astrocyte circuits with spatio -
temporal precision, i.e., CaMPARIGFAP (calcium-modulated photoactivatable ratiometric 
integrator under GFAP promoter) and Astro-Light (calcium- and light-gated switch to 
induce gene expression in activated astrocytes). Furthermore, I will discuss our recent 

data about mapping the functional astrocytic-circuitries within the Nucleus Accumbens 
(NAc) that reveal the existence of specific-astrocyte circuits in the NAc.  
In short, I will present data, acquired using cutting-edge tools, which supports the idea 
that NAc astrocytic networks are critical players in understanding the way that the NAc 

integrates information. 
Supported by: RYC-2016-20414, MINECO (RTI2018-094887-B-I00; PID2021-122586NB-I00) 

 

ROLE OF PREGNENOLONE IN THE REGULATION OF THC-INDUCED HYPERLOCOMOTION 

JEAN MICHEL REVEST 
Team “Physiopathology and therapeutic approaches of stress-related diseases”; University of Bordeaux, 

INSERM U1215, Neurocentre Magendie, F-33000 Bordeaux, France 
 jean-michel.revest@inserm.fr 

 

Delta-9-tetrahydrocannabinol (THC) is the main psychoactive component of the plant 
Cannabis Sativa, and one of the most abused illicit drugs involved in several behavioral 
pathologies notably psychosis and cannabis use disorder (CUD). Drug-induced 
hyperlocomotion in rodents has been proposed as a model of positive psychotic symptoms 

and addiction related effects of cannabis. Hyperlocomotion induced by THC was shown to 
be mediated through the activation of type-1 cannabinoid receptor (CB1). However, the 
molecular mechanisms and cellular targets underlying this behavioral effect remain 
largely unknown. Since the neurosteroid pregnenolone (PREG) was shown to be an 
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endogenous allosteric signaling specific inhibitor of the CB1 (CB1-SSi), the current study 
aimed to investigate the molecular pathway mediating THC-induced hyperlocomotion and 

the mechanism of action of PREG in this context. Combining complementary molecular, 
viral, pharmacological and behavioral approaches in wild-type and genetically-modified 
mice, in which the CB1 was conditionally deleted, we demonstrated that THC-induced 
hyperlocomotion: 1) depends on the CB1 localized at the plasma membrane; 2) involves 
the CB1 on striatal neurons expressing the D2 receptor; 3) is mediated by the activation 

of the β-Arrestin 1-Akt-Gsk3β signaling pathway; 4) is inhibited by PREG through the 
regulation of this intracellular signaling cascade. In perspective, our findings suggest that 
PREG derivatives, namely the synthetic CB1-SSi that are currently under development and 
that mimic the effects of PREG, may represent a promising therapeutic strategy of CB1-

dependent behavioral impairments and CUD. 

 

ASTROCYTES CONTROL EXCITATION OF VENTRAL TEGMENTAL AREA DOPAMINERGIC 

NEURONS 

MARTA GOMEZ-GONZALO1, Linda Maria Requie1, Michele Speggiorin1, Francesca 

Managò2, Marcello Melone3, Mauro Congiu4, Angela Chiavegato1, Annamaria Lia1, Micaela 

Zonta1; Gabriele Losi1, Vanessa Jorge Henriques1, Arianna Pugliese3, Giada Pacinelli 2, 

Giovanni Marsicano5, Francesco Papaleo2, Anna Lisa Muntoni4, Fiorenzo Conti3, Giorgio 

Carmignoto1 

1Neuroscience Institute, Section of Padova, National Research Council (CNR) and Department of 

Biomedical Sciences, Università degli Studi di Padova, Padova, Italy 
2Genetics of Cognition laboratory, Neuroscience area, Istituto Italiano di Tecnologia (IIT), Genova, Italy 
3Department of Experimental and Clinical Medicine (Section of Neuroscience & Cell Biology), Università 

Politecnica delle Marche, and Center for Neurobiology of Aging, INRCA IRCCS, Ancona, Italy 
4Neuroscience Institute, Section of Cagliari, National Research Council (CNR), Cagliari, Italy 

5University of Bordeaux, and Interdisciplinary Institute for Neuroscience, CNRS, Bordeaux, France. 

martaggonzalo@gmail.com  

The glutamatergic transmission in the Ventral Tegmental Area (VTA) plays a crucial role 

in the modulation of dopamine neuron burst firing and the phasic dopamine release at 

target areas. We have identified a new mechanism of long-term synaptic plasticity of the 

glutamatergic transmission in the VTA. We found that the burst firing in individual 

dopamine neurons induces a long-lasting potentiation of excitatory synapses on adjacent 

dopamine neurons. This lateral long-term potentiation depends on Ca2+ elevations in 

astrocytes, mediated by the activation of endocannabinoid CB1 and dopamine D2 

receptors present at the same astrocytic process, and on the activation of presynaptic 

metabotropic glutamate receptors. Consistent with these findings, selective in vivo 

activation of astrocytes increases the burst and overall firing activity of VTA dopamine 

neurons and induces hyperlocomotion. Astrocytes play, therefore, a key role in the 

functional modulation of VTA dopamine neuron activity. Our study paves the way to future 

investigations examining whether dysregulations of dopamine neuron-astrocyte reciprocal 

communication within the VTA contribute to the development of disease states including 

drug addiction. 

 

  

mailto:martaggonzalo@gmail.com


30 
 

CB1 RECEPTORS LINK CORTICOSTERONE, MITOCHONDRIAL CALCIUM AND MEMORY 

GIOVANNI MARSICANO 

U1215 Neurocentre Magendie, Institut National de la Santé et de la Recherche Médicale (INSERM), 
Bordeaux, France, and University of Bordeaux, Bordeaux, France. 

giovanni.marsicano@inserm.fr 

Stress-induced hormones like corticosteroids can alter different types of memory in 
different ways. Corticosteroid-mediated stress responses require the activation of 
complex brain circuits involving mitochondrial activity, but the underlying cellular and 

molecular mechanisms are scantly known. The endocannabinoid system is implicated in 
both stress responses and memory processes. The seven transmembrane G protein-coupled 
type-1 cannabinoid receptors (CB1) are mainly present at plasma membranes of neurons 
and other cell types, but they can also be functionally associated with brain mitochondria 
membranes (mtCB1). In this study, we show that the impairing effect of corticosterone in 

the novel object recognition task (NOR) requires mtCB1 receptor-dependent control of 
mitochondrial calcium signaling in mice. Notably, different brain circuits are modulated 
by this mechanism to specifically mediate the impact of corticosterone on NOR. 
Corticosterone recruits mtCB1 receptors in locus coeruleus noradrenergic neurons to 

impair memory consolidation. Conversely, mtCB1 receptors in local hippocampal 
GABAergic interneurons are required to impair the retrieval phase of NOR. These data 
reveal different novel mechanisms mediating the effects of corticosteroids on different 
phases of memory, involving mitochondrial calcium alterations in different brain circuits. 
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Investigating the role of steroid hormones in vulnerability to 

addiction 

 

STEROID HORMONES, NEUROSTEROIDS, CRAVING AND ADDICTION RELAPSE RISK IN 

HUMANS 

RAJITA SINHA 
Yale University School of Medicine, New Haven, CT, USA 

rajita.sinha@yale.edu  

Steroid hormones such as cortisol are acutely stimulated by alcohol and other drugs of 

misuse, and binge or chronic use is known to alter function of the hypothalamic pituitary 

adrenal axis (HPA axis) and possibly central and peripheral steroid functioning.  

This presentation will first review dysregulation of steroids such as glucocorticoids but 

also progesterone and estradiol in substance use disorder (SUD) samples and then present 

data from 2 studies, one in individuals with cocaine use disorder (CUD: N=45) treated with 

supraphysiologic doses of micronized progesterone, and a second in those with alcohol use 

disorder (AUD) treated with pregnenolone (N=86) relative in placebo in randomized 

controlled designs over chronic dosing. Measures of HPA axis responses and drug craving 

in controlled laboratory experiments with exposure to stress and drug cues relative to 

neutral control cues will be presented, and also alcohol and drug use clinical outcomes 

during 8 weeks of treatment.  

Findings show that Progesterone and specifically higher Allopregnenolone levels 

normalizes basal and response HPA axis functioning as measured by cortisol and ACTH 

levels and also reduces drug craving in patients with CUD. Similarly, pregnenolone doses 

also reduced alcohol craving and normalized HPA axis functioning. Furthermore, 

pregnenolone significantly reduced daily drinking and alcohol craving levels over an 8 -

week treatment period.  

These findings support the strategy of normalizing disruption in steroid pathways as a 

potential beneficial target to improve addiction treatment outcomes, and suggest that 

further development of neurosteroid medications could be of useful in the treatment of 

alcohol and substance use disorders. 
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THE NEUROSTEROID PREGNENOLONE AS A NEW ENDOGENOUS REGULATOR OF THE 
CB1 CANNABINOID RECEPTOR: THERAPEUTIC RELEVANCE FOR CANNABIS ABUSE  

MONIQUE VALLÉE 
Univ. Bordeaux, INSERM U1215, Neurocentre Magendie, Team « Physiopathology and therapeutic 

approaches of stress-related diseases », F-33000 Bordeaux, France. 
monique.vallee@inserm.fr 

Our research topic on the interactions between the two neuromodulatory systems, 
neurosteroids and the endocannabinoid system (ECS), has highlighted the role of 
pregnenolone (PREG) in the regulation of ECS-mediated functions. We first discovered that 
PREG, long considered an inactive precursor of downstream steroids, can bind to the 

cannabinoid type 1 (CB1) receptor, one of the most abundant G protein-coupled receptors 
(GPCRs) in the mammalian brain. This action involves endogenous negative feedback on 
ECS activity and results in the inhibition of CB1-mediated behavioral and psychosensory 
effects in rodents. Furthermore, the dual characteristics of PREG, namely a negative 

allosteric modulator of the CB1 receptor and a CB1-specific signaling inhibitor, have 
sparked scientific interest in PREG as a promising target for preclinical and clinical 
research. As such, the PREG-CB1 regulatory loop could prevent dysfunction of the ECS 
system, as occurs during cannabis abuse in humans, involving the toxic and addictive 
effects of the main psychoactive component of cannabis, THC (Δ9-Tetrahydrocannabinol). 

Here we will focus on the physiological outcomes of the PREG-CB1 regulatory loop and the 
therapeutic relevance of PREG for cannabis use disorders (CUD). To this end, we will 
present a novel transgenic mouse model, carrying a mutated CB1 receptor that allows 
PREG binding to CB1 receptors, as a relevant preclinical model for CUD. In addition, as 

PREG has a good pharmacological profile but a poor therapeutic profile, synthetic 
pregnenolone derivatives are proposed as promising new treatments for cannabis 
dependence and related psychosis symptoms, for which patents and clinical trials are 
ongoing. 
 

 

CUES PLAY A CRITICAL ROLE IN ESTROUS CYCLE-DEPENDENT COCAINE 

REINFORCEMENT 

ERIN CALIPARI 
Vanderbilt University School of Medicine, Nashville, USA. 

erin.calipari@vanderbilt.edu 

 

ABSTRACT NA  
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HORMONAL CONTRACEPTIVES AND REWARD IN FEMALE RATS 

Liana Fattore1, Augusta Pisanu1, Fabrizio Sanna2, Luca Concas1, Claudia Casula1, Maria 

Giuseppina Pisu1, Mariangela Serra3, and PATRIZIA PORCU1 

1CNR Neuroscience Institute, Cagliari, Italy; 
 2University of Cagliari, Dept. of Biomedical Sciences, Cagliari, Italy;  

3University of Cagliari, Dept. of Life and Environment Sciences, Cagliari, Italy 
patrizia.porcu@in.cnr.it 

 
Chronic treatment with ethinyl-estradiol (EE) and levonorgestrel (LNG), two of the 

synthetic steroids in the hormonal contraceptive (HC) pill, decreases brain and plasma 
levels of progesterone and its neuroactive metabolite allopregnanolone in female rats. 
Given that allopregnanolone regulates emotional state, cognition and reward, and that 
cannabis consumption is increasing in young women, we evaluated whether co-exposure 
to HC and cannabis might affect behavior in female rats. Daily subcutaneous treatment 

with EE-LNG (0.020-0.060 mg/rat) and a concomitant intravenous infusion of WIN 55,212-
2 (12.5 µg/kg) for 4 weeks did not significantly alter locomotor activity, anxiety-like 
behavior in the elevated plus maze test, neophobia in the marble burying test, depressive-
like behavior in the forced swim test, cognition in the novel object recognition test or 

sensorimotor gating in the prepulse inhibition test, suggesting that HC do not interact with 
low, rewarding doses of cannabinoids at behavioral level in young female rats. 
When assessed on self-administration of palatable food, we found that chronic EE-LNG 
treatment increased food intake, an effect that was not associated to changes in leptin 

and ghrelin plasma levels, thus suggesting that the effect of HC might be related to the 
reward system. In support of this hypothesis, we further observed an increase in dopamine 
content in ventral hippocampus, nucleus accumbens and prefrontal cortex of EE-LNG-
treated rats vs. vehicle-treated rats in the diestrus 1 phase of the estrous cycle, 
strengthening the hypothesis that HC might target the reward system. Future studies will 

explore the neurobiological mechanisms involved in HC actions on behavior ad reward. 
Supported by Fondazione di Sardegna (Grants 2019.1440 and 2021.0504 to P.P., and 2020.1072 to L.F.).  
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EXERCISE AS AN INTERVENTION FOR COCAINE RELAPSE: SEX DIFFERENCES 

WENDY J. LYNCH 
University of Virginia, Charlottesville, USA 

wjl6w@virginia.edu  

 

Cocaine use is a leading cause of overdose deaths in the US. New treatments are critically 

needed especially considering that there is no FDA-approved treatment for cocaine use 

disorder and current strategies result in ~50% relapse. We have discovered that exercise 

has great potential as an anti-relapse intervention since, by activating the same reward 

pathway as drugs of abuse, it can be used to normalize brain circuits disrupted in 

substance use disorder thereby decreasing craving and relapse. Our recent and preliminary 

findings in males show that even modest exercise, initiated during early withdrawal, 

provides persistent protection against relapse. In this talk, I will discuss mechanisms 

underlying the persistent anti-relapse effect of exercise in males focusing on the potential 

for exercise to offset deficits in glutamatergic signaling in the dorsomedial prefrontal 

cortex during early withdrawal. I will also discuss sex differences in the efficacy of 

exercise and present evidence to suggest that the sex differences in the molecular 

mechanisms of relapse underlie sex differences in the anti-relapse effects of exercise.  

 

ENVIRONMENTAL ENRICHMENT AND RELAPSE TO DRUG ADDICTION: BEHAVIORAL AND 

NEUROBIOLOGICAL MECHANISMS 

MARCELLO SOLINAS 
Université de Poitiers, INSERM, U-1084, Laboratoire des Neurosciences Expérimentales et Cliniques, 

Poitiers, France 

marcello.solinas@univ-poitiers.fr 

Accumulating evidence demonstrates that environmental enrichment (EE) has powerful 

beneficial effects on the brain and on psychiatric disorders such as drug addiction: on the 

one hand, exposing animals to EE during adolescence decreases the rewarding effects of 

drugs in conditioned place preference procedures and reduces cocaine self-administration 

at adulthood; and on the other hand, exposure to EE during periods of abstinence from 

drugs eliminates already developed addiction-like behaviors and to reduce the risks of 

relapse. Importantly, the effects of EE generalize to drugs of abuse belonging to different 

pharmacological classes and to food seeking suggesting that EE interact with a common 

neurobiological substrate that is central for the expression of motivated behavior. 
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In this talk, we will present what is known about the effects of environmental enrichment 

on relapse and will discuss possible underlying behavioral and neurobiological mechanisms 

and avenues for future research.  

 

GENETIC AND EPIGENETIC OF PRODYNORPHIN GENE: PRECLINICAL AND CLINICAL 

EVIDENCE 

CLAUDIO D’ADDARIO 
Faculty of Bioscience, University of Teramo, Italy; Dept of Clinical Neuroscience, Karolinska Institute, 

Sweden 

cdaddario@unite.it 

Alcohol-induced changes in the prodynorphin gene (PDYN) expression have been linked to 

neuroplastic adaptations critical for addiction, contributing to the impairment of cognitive 
control over alcohol drinking behavior. Changes in the PDYN gene expression may be 
influenced by gene polymorphisms and epigenetic mechanisms. It is, in fact, known that 
development of alcoholism is influenced by both genetic and environmental factors, and 
that gene-environment interactions can be mediated by epigenetic regulation of gene 

expression. We here provide evidence of altered DNA methylation patterns in the PDYN 
promoter in both preclinical and clinical samples and we also identify, in human samples, 
single nucleotide polymorphisms (SNPs) associated with alcohol dependence and with 
altered DNA methylation. Consistent with the mirror-site model stating that the 

methylation status of many sites in the blood mirrors those in the brain, we here suggest 
a new hypothesis to explain the well-established ethanol effects on the regulation of a 
key element of the endogenous opioid system. There is an urgent need for biomarkers in 
psychiatric disorders, including alcoholism, and our study suggests that specific genetic 

variation and/ or epigenetic modulation of PDYN gene might fulfill this function. The 
understanding of gene-environment interactions is extremely important in the study of 
alcoholism and its treatment (epi-treating factors), and the possible use of drugs targeting 
the PDYN gene, taking advantage of the reversible nature of epigenetics, might be 

promising. 

 

HUMAN LABORATORY MODELS OF DRUG SELF-ADMINISTRATION: DRUG VS MONEY 

MARGARET HANEY 
Department of Psychiatry, Columbia University,New York, USA. 

mh235@cumc.columbia.edu  

 

ABSTRACT NA 
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EFFECT OF SINGLE AND REPEATED ADMINISTRATION OF GLUTAMATE ANTAGONISTS IN 

THE DRUG SELF-ADMINISTRATION MODEL   

MARIA HRICKOVA, Petra Amchova, Jana Ruda-Kucerova 
Department of Pharmacology, Faculty of Medicine, Masaryk University, Kamenice 5, 625 00 Brno, Czech 

Republic 

hrickova.mar@gmail.com ; maria.hrickova@med.muni.cz 

Addiction is a significant health global issue and the options of pharmacological 

interventions are scarce. Therefore, finding an effective and safe treatment is urgently 
needed. Recently, a notion of examining the glutamate role on craving reduction seems 
to be a promising strategy. The aim of our studies was to evaluate the effect of 
AMPA/kainate receptor antagonists with slightly different mechanism of action on nicotine 

and methamphetamine intravenous (IV) self-administration in rats. 
The rats were trained to self-administer the drug for two weeks followed by two weeks of 
forced abstinence and a drug-free reinstatement session. Single or repeated IV injections 
of NBQX or CNQX before the session were tested in the second week of maintenance 
training and the reinstatement session.  

In the maintenance phase CNQX but not NBQX significantly reduced nicotine intake. 
Conversely, in the reinstatement, NBQX suppressed nicotine seeking, unlike CNQX. 
Therefore, we decided to test (sub)chronic effect of NBQX on nicotine intake and we 
confirmed no effect. Unexpectedly, in this cohort repeated NBQX dosing failed to diminish 

nicotine seeking in the reinstatement session. NBQX nor CNQX affected methamphetamine 
intake or reinstatement. 
Both CNQX and NBQX antagonize glutamatergic AMPA/kainate receptors, but significant 
pharmacodynamic difference exists between them. CNQX also modulates the glycine site 
of NMDA receptor. Results may be interpreted as different involvement of individual 

glutamatergic receptors in various stages of the self-administration dependence model.  
Acknowledgement: This report was written with the support of the Specific University Research 

(MUNI/A/1440/2021) provided by MŠMT. 
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INCREASED ANANDAMIDE LEVELS MITIGATE COCAINE-SEEKING BEHAVIOUR DURING 
WITHDRAWAL 

LAIA ALEGRE-ZURANO1, Alba García-Baos1, Adriana Castro-Zavala1, Olga Valverde1,2 
1Neurobiology of Behaviour Research Group (GReNeC-NeuroBio), Department of Medicine and Health 

Sciences, Universitat Pompeu Fabra, Barcelona, Spain 
2Neuroscience Research Program, IMIM-Hospital Del Mar Research Institute, Barcelona, Spain 

laia.alegre@upf.edu 

Cue-induced cocaine-craving is a major factor contributing to relapse in abstinent 
addicts, even after long periods of withdrawal. In this sense, the endocannabinoid system 

acts as a mediator of the molecular and behavioural maladaptatations that drive drug-
seeking behaviour during protracted abstinence. Among them, endocannabinoid 
mediated plasticity in the nucleus accumbens is lost after cocaine exposure. However, 
how this alteration could add to the seeking behaviour in abstinent mice has never been 
explored. In the present study, we aimed to rescue the endocannabinoid-mediated 

plasticity by chronically treating CD1 male mice previously exposed to cocaine self- 
administration (0,75 mg/kg/infusion) with the FAAH inhibitor URB597 (1 mg/kg ip) or the 
MAGL inhibitor MJN110 (5 mg/kg ip). After cocaine self-administration, mice were tested 
on withdrawal day 1 or 30 for cue-induced drug-seeking behaviour. The mice tested on 

withdrawal day 30 were chronically treated with vehicle, URB597 or MJN110 during the 
withdrawal period. Immediately after the test, we dissected or perfused the brains to 
evaluate the levels of different components of the endocannabinoid system using qPCR 
and the levels of c-Fos using free-floating immunochemistry in the nucleus accumbens. 
Our results show that URB597, but not MJN110, decreased drug-seeking behaviour during 

abstinence. URB597 also modulated the expression of c-Fos and components of the 
endocannabinoid system in the nucleus accumbens. These results support the therapeutic 
potential of the cannabinoid-targeted strategies for the treatment of cocaine craving 
during protracted abstinence. Lastly, the present study suggests that anandamide might 

constitute the main endocannabinoid involved in drug-seeking behaviour during 
withdrawal. 
 

MECHANISMS OF VULNERABILITY TO AUDS INDUCED BY A SINGLE NUCLEOTIDE 

POLYMORPHISM OF THE GENE ENCODING THE Α5 NICOTINIC ACETYLCHOLINE 
RECEPTOR SUBUNIT 

LEA TOCHON 
Institut de Neurosciences Cognitives et Intégratives d'Aquitaine 

Université de Bordeaux, INCIA, CNRS UMR5287, Bordeaux Neurocampus, FRANCE 
lea.tochon@u-bordeaux.fr 

Human genetic association studies have linked single nucleotide polymorphisms (SNPs) 

of the CHRNA5 gene, encoding the α5 nicotinic acetylcholine receptor subunit (α5 -nAChR), 
to an increased risk of alcohol use disorders (AUDs). 
To understand how α5-nAChR subunit mutations may influence alcohol-drinking behavior 
and preconsummatory traits relevant to AUDs (anxiety, sensation-seeking, impulsivity, 
social skills), we tested male and female transgenic mice expressing either the most 

common SNP (D398N_α5KI) or a deletion of the CHRNA5 gene (α5KO) in the elevated-plus 
maze, novelty-place preference, step-down and restrainer tube tasks. Their alcohol 
consumption was then assessed through an intermittent two-bottle choice self-
administration protocol. As this is where α5-nAChR is most densely expressed, we 
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investigated the implication of the α5*nAChR-expressing IPN-GABAergic neurons in these 
changes using neurospecific reexpression of the subunit in α5KOxGAD-Cre mice. 

α5KI and α5KO mice both showed alcohol over-consumption for highly concentrated 
solutions but displayed opposite anxiety-related behaviour (hyper vs hypo-anxious),  
behavioural control (impulsive-like vs not impulsive) and social-emotional profiles 
(rescuing vs aggressing). These opposite phenotypes strongly evoke characteristics of 
Cloninger’s avoidant_(Type-I) and sensation-seeking_(Type-II) AUDs. Moreover, viral 

reexpression of α5-nAChR in IPN-GABAergic neurons decreased alcohol consumption and 
improved the impulsive-like phenotype observed in α5KO.  
Our data showes that mutations of the α5-nAChR subunit resulting in loss of α5*nAChRs 
function shift the alcohol consumption toward high doses, and that α5*nAChR-expressing 

IPN-GABAergic neurons contribute to its control. α5-nicotinic mutants may provide a 
preclinical model of Cloninger’s AUD subtypes, which could represent a major step toward 
the development of personalized and more effective therapeutic strategies. 

 

ADDICTION OF HIGH DOSE OF BENZODIAZEPINE: VERONA DETOX APPROACH WITH 

FLUMAZENIL 

FABIO LUGOBONI 
Addiction Unit, Department of Medicine, Verona University Hospital, Verona, Italy. 

fabio.lugoboni@aovr.veneto.it 

The use of benzodiazepines (BZD) has an history of more than 60 years. Since BZDs can 
give tolerance and dependence even in a short period, their use was recommended for a 
very limited time, a recommendation largely disregarded by doctors and patients. Since 
the 1990s there has been evidence of the significant role Flumazenil (FLU) has in BZD 
detoxes. The Verona Detox approach has been developed for high dose BZD and Z-drug 

detoxification via continuous subcutaneous infusion of FLU, a selective BZD receptor 
antagonist acting on the BZD subunit of the GABA-A receptor. Flumazenil is licensed to 
treat only BZD overdose although numerous studies have demonstrated its effectiveness 
in rapidly resetting GABA-A receptors, quickly reducing tolerance and dependence from 
BZD, and providing a safe and rapid detox from benzodiazepines. 

This talk will provide healthcare professional interested in BZD detoxification with an 
approach and clear practical information on how to administer FLU, and will describe all 
medical and nursing procedures day by day. This detox treatment is indicated for patients 
abusing from at least 5 Defined Daily Dose (DDD) of BZDs or Z-drugs, lasts 7 days and is 

conducted under medical supervision (daily reviews) and continuous nursing. During this 
period, 7 mg of FLU is administered (1 mg/24) through an elastomeric pump, via 
continuous subcutaneous infusion. 
The largest database, to the best of our knowledge, on FLU detoxification was published 
by our group and showed that this treatment is safe with very little side effects even in 

individuals with significant medical comorbidity. 
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EFFECTS OF MATERNAL CONSUMPTION OF CANNABIS EDIBLES ON OFFSPRING VTA 
DOPAMINE NEURON ELECTRICAL PROPERTIES AND COCAINE-SEEKING BEHAVIOUR 

COLLEEN SARA PETERSON1, Sarah Mina1, Nada Salam1,2, Stephanie Borgland1
 

1Department of Physiology and Pharmacology, Cumming School of Medicine, University of Calgary, 
Calgary, Alberta, Canada; 

colleen.peterson@ucalgary.ca 
sarah.mina@ucalgary.ca 

slborgla@ucalgary.ca 
2Faculty of Pharmacy, Cairo University, Giza, Egypt. 

nada.sallam@pharma.cu.edu.eg 

Epidemiological and preclinical studies indicate a connection between prenatal cannabis 
exposure and cognitive deficits and increased risk of substance use. However, the 

mechanisms behind these changes are not fully understood, and animal studies have 
historically injected cannabis. Given the differences in the pharmacokinetics between 
modes of cannabis consumption, it is unclear whether the results generated from 
cannabis injection models would be similar using inhalation or oral consumption models. 
To address this, we investigated the impact of maternal oral cannabis consumption on 

ventral tegmental area (VTA) dopamine neuron activity and cocaine-seeking behaviour in 
offspring. Dams received commercially available whole cannabis extract (5 mg/kg THC) or 
vehicle in peanut butter from GD0-PD10. VTA dopamine electrophysiological properties 
and reward- seeking behaviour were interrogated in adolescent (P42-P46) offspring using 

patch clamp electrophysiology and cocaine conditioned place preference. VTA dopamine 
neurons of male, but not female cannabis-exposed offspring had a depolarised resting 
membrane potential and increased spontaneous firing, shorter latency to fire, and 
increased after-hyperpolarisation potential height. Dopamine neurons in the VTA of 
female cannabis-exposed offspring, however, did display narrower after-

hyperpolarisation potentials. Despite changes to VTA dopamine neuron activity, the 
acute locomotor effects or the strength of the cocaine pairing were not affected by 
prenatal cannabis exposure in males or female offspring. 
In conclusion, prenatal exposure to oral cannabis differently alters the firing properties 

of male and female VTA dopamine neurons in a similar manner to THC injections. In 
contrast to reported increased opioid-seeking in cannabis exposed offspring, cocaine does 
not produce a similar response. 
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P5 ENGAGEMENT OF THE RAT CENTRAL NUCLEUS OF THE AMYGDALA  

DURING FENTANYL SELF-ADMINISTRATION 

EMMA CHALOUX-PINETTE1, Kirtana Ananth2, Xiao Tong2, Vanessa Silva2, Patricia H. 
Janak1,2 

1Solomon H. Snyder Dept. of Neuroscience, Johns Hopkins Sch. of Med., Baltimore, MD, USA. 
2Psychological and Brain Sciences, Johns Hopkins Univ., Baltimore, MD, USA. 

echaulou3@jhmi.edu 

The central nucleus of the amygdala (CeA) has been demonstrated to modulate motivation 

for natural and drug reinforcers, but there has been limited exploration of its role in self-
administration models of OUD. To assess the role of the CeA in opioid self-administration, 
we trained male and female Sprague-Dawley rats to self-administer the synthetic opioid, 
fentanyl (0.5μg/i.v. infusion), on an FR1 schedule in 2-hr daily sessions. Rats achieved 
robust and stable intake after training for at least 28 sessions. Using GABA agonists, 

baclofen and muscimol, we found that CeA inactivation attenuated the mean number of 
fentanyl infusions, supporting a role for this region in fentanyl reinforcement. This effect 
on intake was only apparent after more than 30 minutes of the session had elapsed; this 
delayed effect was not due to GABA agonist diffusion, and appears related to differential 

impact on the load-up versus maintenance phase. To probe the role of CeA opioid 
receptors, we microinfused the opioid receptor antagonist naltrexone prior to self-
administration sessions. Blockade of CeA opioid receptors by naltrexone dose-dependently 
increased intake and decreased median infusion latencies, consistent with CeA opioid 
receptors being key mediators of fentanyl reinforcement. None of these effects interacted 

with sex. Taken together, these results demonstrate that the CeA is engaged by fentanyl 
self-administration when subjects have been trained under conditions that do not typically 
induce strong dependence. 
Supported by R01DA035943  
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P6 DAhLIs: ATYPICAL INHIBITORS OF DOPAMINE TRANSPORTER FOR COCAINE 

ADDICTION TREATMENT 

ELEONORA DAINI1, Pasquale Linciano2, Claudia Sorbi2, Massimo Grilli3, Michele Zoli1, 
Silvia Franchini2, Antonietta Vilella1. 

1University of Modena and Reggio Emilia, Department of Biomedical, Metabolic and Neural Sciences, 

Centre for Neuroscience and Neurotechnology, Modena, Italy. 
2University of Modena and Reggio Emilia, Department of Life Sciences, Modena, Italy. 

3University of Genova, Department of Pharmacy (DIFAR), Genova, Italy. 

Chronic drug abuse is an alarming health problem for which no effective pharmacological 

treatments have been developed yet. According to WHO, cocaine is one of the most abused drugs 
in industrialized countries. The presynaptic dopamine (DA) transporter (DAT) is one of the main 
targets of cocaine as well as of other drugs of abuse such as amphetamine and methamphetamine. 
Cocaine has long been considered as a typical DAT inhibitor, however, recent evidence suggests 

cocaine ability to favor DA leak in the synaptic cleft, implying this drug as an inverse agonist of 
DAT. The identification of new DA reuptake inhibitors, with rapid binding to DAT but slow 
dissociation, may represent an effective therapeutic approach to counteract cocaine addiction. To 

this purpose, we tested three new DAT atypical inhibitors (DAhLIs) derived from the structural 
modification of vanoxerine, a known DAT inhibitor with cocaine-like effects. Our in vivo results in 
C57BL/6J mice, in line with preliminary in vitro findings, confirmed DAhLIs ability to bind to DAT 
and inhibit DA reuptake causing a reduction in novelty- dependent locomotor activity. Additionally, 

DAhLI pretreatment was able to counteract cocaine-induced hyperlocomotion. Finally, 
intracerebral microdialysis experiments showed that pretreatment with DAhLIs delays cocaine-
dependent increment in striatal DA extracellular levels. Due to their ability to bind to DAT and 

prevent or attenuate cocaine main effects, DAhLIs may represent a promising tool for the 
treatment of addiction to cocaine, and possibly to other psychostimulants. 

 

P7 EFFECTS OF FREE ACCESS TO HIGHLY PALATABLE FOOD ON THE PHYSIOLOGY OF 

GABAERGIC NEURONS IN THE VENTRAL PALLIDUM AND THE LATERAL HYPOTHALAMUS 

SHANI GENDELIS1, Yonatan Kupchik1 
1Medical Neurobiology, Hebrew University of Jerusalem - IMRIC, Jerusalem, Israel. 

shani.gendelis@mail.huji.ac.il 

 
In recent years, more than third of the world's adult population is overweight, and almost 
15% are obese. One possible contributor that can lead to obesity is highly palatable food. 

These foods are powerful reinforces and interact with brain reward circuitry to promote 
intake. We previously showed that free access to highly palatable food drives changes in 
the reward system, in the nucleus accumbens and the Ventral Pallidum (VP). The VP sends 
inhibitory input to GABAergic neurons in the Lateral Hypothalamus (LH), the main hub for 

feeding behavior. Our next aim is to identify if highly palatable food drives changes in the 
LH. 
We induced obesity in C57bl6/J mice for 12 weeks of free access to HFHS food (a control 
group received regular chow). At the end of the period whole cell patch clamp recording 
was perform in LH GABAergic neurons and intrinsic properties of the cells were acquired. 

We found that while free access to HFHS hyperpolarized VP GABAergic neurons and 
reduced their firing rate it depolarized LH GABAergic neurons but without affecting firing 
rate.  
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Free access to highly palatable food decreased the excitability of VP neurons with a minor 
depolarizing effect in the LH. As VP GABAergic neurons directly inhibit LH GABA neurons, 

it is expected to see less inhibition in the LH after highly palatable food. This may manifest 
as the depolarization of LH GABA neurons that we observed.  

 

P8 LONG-TERM EFFECT AFTER INTRAVENOUS SELF-ADMINISTRATION (IVSA) 

OF THE SYNTHETIC CANNABINOID RECEPTOR AGONIST 5F-MDMB-PICA IN 

ADOLESCENT MICE 

FRANCESCA CARIA, Nicholas Pintori, Giulia Margiani, Enrica Spano, Raimondo Boi, 
Maria A. De Luca 

Department of Biomedical Sciences, University of Cagliari, 09042 Cagliari, Italy. 

francesca.caria91@unica.it 

Synthetic cannabinoids (SC) are the largest group of new psychoactive substances 
monitored worldwide (EMCDDA, 2022). 5F-MDMB-PICA is a SC recently classified as a 
potent agonist of CB receptors able to activate the mesolimbic dopamine transmission 

in adolescent (0.01 mg/kg ip) but not adult mice (Musa et al, 2020). We investigated 
the reinforcing properties of 5F-MDMB-PICA in adolescent mice and characterized the 
behavioral effects induced in the same animals at adulthood. The response-study to 
varying doses showed an inverted U-shaped trend. Adolescent mice acquired operant 
behavior for 5F-MDMB-PICA at the dose of 2.5 (μg/kg/25ul). This dose was then used 

under different ratio of responding (FR1-3, PR), thus showing that the behavior was 
directed to obtain the SC. Behavioral differences were identified in relation to the 
amount of 5F-MDMB-PICA intake during adolescence. We observed that a total intake 
higher than 15 ug/kg (over 15 sessions) during adolescence induced a propensity for 

aggressive behavior and reduced social interaction at adulthood, whilst no differences 
were observed in the behavioral taste responsiveness to a rewarding stimulus (i.e., 
intraoral chocolate). Quantification of dopamine levels in the mPFC, NAc, and CPu of 
adult mice are in progress. This study provides the first evidence that 5F-MDMB-PICA 
IVSA is acquired and sustained by adolescent mice at lower doses than that of the 

prototypical SC JWH-018, confirming a higher abuse liability of this newer SC. Moreover, 
5F-MDMB-PICA IVSA during adolescence induced long-term behavioral changes 
confirming the detrimental consequences related to the use of SC by adolescents. 

 

  

mailto:francesca.caria91@unica.it


43 
 

Day 2 | 09/26       16:30-18:30 

 

Arbatax Room        Symposium 9 

Molecular mechanisms of synaptic plasticity underlying reward 

processing 

ZETA INHIBITORY PEPTIDE (ZIP): A NOVEL ERASER PEPTIDE OF COCAINE-CONDITIONED 

REWARD 

RAMI YAKA 
Institute for Drug Research, School of Pharmacy, Faculty of Medicine, The Hebrew University of 

Jerusalem, Israel. 

yaka@md.huji.ac.il  

Upregulation of the glutamate type AMPA receptors (AMPARs) is one of the important 

factors that plays role in the mechanisms of formation and maintenance of long-term 

memory. Until recently, constitutively active protein kinase M-Zeta (PKMZ) believed to be 

essential and sufficient factor that drives AMPARs to the synaptic membrane and prevents 

their endocytosis. Zeta Inhibitory Peptide (ZIP) is a short peptide that mimics the 

regulatory site of PKMZ and originally synthetized as PKMZ inhibitor. Recent findings show 

that the activity of ZIP preserved even in the absence of PKMZ via unknown mechanism. 

In addition, scrambled ZIP (scrZIP), which contains the same amino acids as ZIP, but in a 

random sequence, has shown to act similar to ZIP. We hypothesized that mechanism of 

action of ZIP is independent of PKMZ (fully or partly) and may involve direct effects on 

AMPARs that are independent of PKMZ. We found that ZIP induces redistribution of the 

AMPAR-GluA1 in HEK293 cells and primary cortical neurons, and decreases AMPAR-

mediated currents in the nucleus accumbens (NAc). These effects were mimicked by free 

arginine or by a modified ZIP in which all but the arginine residues were replaced by 

alanine. Redistribution was blocked by a peptidase-resistant version of ZIP and by 

treatment with the nitric oxide (NO)-synthase inhibitor L-NAME. ZIP increased GluA1-S831 

phosphorylation and ZIP-induced redistribution was blocked by nitrosyl-mutant GluA1-

C875S or serine-mutant GluA1-S831A. Introducing the cleavable arginine-alanine peptide 

into the NAc attenuated expression of cocaine-conditioned reward. Together, these 

results suggest that ZIP may act as an arginine donor, facilitating NO-dependent 

downregulation of AMPARs, thereby attenuating learning and memory. 

 

  

mailto:yaka@md.huji.ac.il


44 
 

NEUROMODULATED PLASTICITY AT THE PREFRONTAL CORTEX-LOCUS COERULEUS 

LOOP 

Andrea Locarno1, Luca Nava1, Ieva Misevičiūtė1, Leonardo Bontempi1, Fabio Boi2, Dan 

Covey3,4, Yann Pelloux1, Luca Berdondini2, Francois Georges5, Joseph Cheer3, 

RAFFAELLA TONINI1 
1Neuromodulation of Cortical and Subcortical Circuits Laboratory, 2Microtechnology for Neuroelectronics 

Laboratory, Fondazione Istituto Italiano di Tecnologia, Genova, Italy, 3,4 Department of Anatomy and 

Neurobiology, University of Maryland School of Medicine, Baltimore, Maryland; Lovelace Biomedical 

Research Institute, Albuquerque, New Mexico; 5Institut de Maladies Neurodégénératives, CNRS UMR 5293, 

University of Bordeaux, France. 

Raffaella.Tonini@iit.it  

Incentive stimuli and environmental stressors are encoded at the level of the prefrontal 
cortex (PFC) circuits, which are modulated by several long-range neuromodulatory 
afferents, including noradrenergic inputs from the Locus Coeruleus (LC). In turn, the PFC 

sends glutamatergic projections to the LC, suggestive of a functionally interconnected 
loop. Within this loop, local neuromodulators released by LC noradrenergic neurons to 
shape the strength of PFC to LC (PFC→LC) synapses would impact the whole PFC-LC 
network through long-range connectivity.  

By combining optogenetics, imaging and neurophysiological approaches, we provide 
evidence of a monosynaptic PFC→LC connection that is modulated by locally produced 
endocannabinoids (eCB) through the activity of the cannabinoid receptor type 1 (CB1R) 
expressed at PFC terminals. Optogenetic activation of PFC→LC terminals induces 
norepinephrine (NE) release in the PFC and changes in the evoked PFC neural dynamics, 

as supported by in vivo fiber photometry and High-Density SiNAPS probe data. Local LC 
CB1R antagonism alters cortical responses induced by PFC→LC stimulation in a subset of 
PFC neurons, indicating that the eCB-mediated regulation of PFC→LC synapse finely tunes 
the PFC-LC reciprocal connectivity.  

In summary, our data not only demonstrate a monosynaptic PFC to LC input but also show 

how eCBs locally released on-demand induce neuronal activity remodeling in distal brain 

regions.   

 

SYNAPTIC CHANGES IN THE REWARD SYSTEM IN DIET-INDUCED OBESITY 

YONATAN KUPCHIK1,2 

1 Department of Medical Neurobiology, The Institute for Medical Research Israel-Canada (IMRIC), Faculty of 

Medicine, The Hebrew University of Jerusalem, Israel 
2 IMRIC Hub for Addiction Research 

 yonatanK@ekmd.huji.ac.il 

Eating of highly-palatable processed food has led global population to high rates of obesity 

and overweight. Although eating is performed primarily for energy balance, the increasing 

rewarding value of modern food and the repetitive nature of consuming rewarding food 

has led to the suggestion that overeating may be driven by emotional-hedonic needs and 

not energy requirements. Thus, the reward system of the brain may play a significant role 

in aberrant overeating. 

I will present evidence for synaptic changes in overeating mice that occur in a circuit 

connecting three major regions involved in the processing of food reward – the nucleus 

accumbens (NAc), the ventral pallidum (VP) and the lateral hypothalamus (LH). I will show 
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that the excitatory input to the NAc is potentiated in overeating mice, similar to animal 

models of drug addiction. This translates into stronger inhibition of the VP, which is 

accompanied with lower excitability of VP neurons in mice that gained the most weight. 

Lastly, the inhibition imposed on LH GABA neurons by the VP is weakened by chronic 

consumption of high-fat-high-sugar diet, possibly linked to the lower excitability of the 

VP. As activation of LH GABA neurons generates feeding behavior, we believe that the 

weaker inhibitory tone imposed on these neurons “frees” the LH to drive more feeding, 

thereby leading to overeating. These data propose a mechanism by which the reward 

system can influence feeding circuits and increase seeking and consumption of food 

reward. This may be at the heart of the global obesity pandemic.   

 

LATERODORSAL TEGMENTUM PROJECTIONS TO NUCLEUS ACCUMBENS DRIVE 

PREFERENCE AND INCREASE MOTIVATION 

BÁRBARA COIMBRA1,2, Leandro Aguiar1,2,3,4, Tawan TA Carvalho1,2,3,4, Carina Soares-
Cunha1,2, Ricardo Gonçalves1,2, Ana Verónica Domingues1,2, Nuno Sousa1,2,5, Ana João 

Rodrigues1,2 
1Life and Health Sciences Research Institute (ICVS), School of Medicine, University of Minho, Braga, 

Portugal; 2ICVS/3B's-PT Government Associate Laboratory, Braga/Guimarães, Portugal; 3Physics 
Department, Federal University of Pernambuco (UFPE), Recife, Pernambuco, 50670-901, Brazil.; 

4Department of Biomedical Engineering, Federal University of Pernambuco (UFPE), Recife, Pernambuco, 
50670-901, Brazil.; 5Clinical Academic Center-Braga (2CA), Braga, Portugal. 

barbaracoimbra@med.uminho.pt  

 

Studies in animal models and in humans showed that the mesocorticolimbic system has 
a prominent role in reward-related behaviors and reinforcement. Over the years, 
different players were added to this circuit and recognized as ‘brain reward regions’, 
including the laterodorsal tegmentum (LDT), that has a strong modulatory effect over 
the mesocorticolimbic system. The LDT has been associated with reward due to its role 

in modulating neuronal activity in the ventral tegmental area (VTA), but anatomical and 
functional evidence shows that the LDT also projects directly to the nucleus accumbens 
(NAc). LDT inputs to the NAc are heterogenous in nature – containing cholinergic, 
glutamatergic, and GABAergic projections to the NAc. 

In this symposium, we will show that LDT-NAc cholinergic projections are essential for 
reward value and are involved in motivational drive towards natural rewards. We further 
show that these projections play a role in cocaine conditioning, and that LDT neurons 
present long- lasting functional changes after cocaine exposure. 
These results provide evidence to consider the LDT as an active participant in 

modulating cocaine effects, that ultimately may be important to promote an addictive-
like phenotype. 
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PSICOSTIMULANTS POTENTIATE EFFORT-MEDIATED ALCOHOL AND SUCROSE SEEKING: 

THE ROLE OF INDIVIDUAL DIFFERENCES AND DOPAMINE MARKERS 

MERCÈ CORREA1, Noemí SanMiguel2, Andrea Martínez-Verdú1, Régulo Olivares-García1, 
Carla Carratalá-Ros1, Paula Matas-Navarro1, John D. Salamone3 

1Psychobiology Div. Universitat Jaume I, Castelló, Spain. 
correa@uji.es  

2Psychobiology Div. Universitat de València, València, Spain. 
noemi.miguel@uv.es  

3Behavioral Neuroscience Div. University of Connecticut, Storrs, USA. 

john.salamone@uconn.edu  

Accumbens dopamine (NAcb DA) regulates activational and effort-related aspects of 

motivation. DA receptor antagonists and DA-depletion produce a low-effort bias, shifting 
behavior from high-effort to low-effort alternatives, but they do not change preference 
between freely available reinforcers. Drugs that promote dopaminergic transmission, such 
as Bupropion (BUP, a DAT blocker), reverse the impairing effects of DA depletion, and 

when administered alone, they can stimulate performance in tasks with high-effort 
demands. Adenosine A1/A2A receptors are colocalized with DA D1/D2 receptors 
respectively, with opposite effects. Caffeine, a non-selective adenosine A1/A2A receptor 
antagonist, reverses DA-depletion impairments on effort-related tasks. Baseline individual 
differences in selection of high effort activities for natural reinforcers are also related to 

DA activity markers in NAcb, and drugs that stimulate performance, such as BUP or 
Caffeine, interact differently with those individual differences, and the type of reinforcer. 
Thus, when animals do not have a homeostatic need (sucrose consumption in non-deprived 
animals), caffeine can help those not very intrinsically motivated to work harder for a 

more palatable reward. However, caffeine can disrupt performance of animals 
intrinsically motivated to work hard for a better reward, even when the homeostatic need 
is high (food in restricted animals). In animals working for ethanol, while BUP does not 
have an effect, caffeine can increase high-effort self-administration. Both drugs reverse 
impairments produced by DA depletion on working for ethanol. Thus, using ethanol, 

sucrose or palatable food, DA depletion did not affect consumption or preference in free 
consumption tests, but suppressed working for the reinforcer.  
Funding: Ministerio de Ciencia e Innovación (PID2021-125977OB-100). Fellowships to AM-V(PRE2019-
090163), RO-G(PROMETEO/2020/032), CC-R(POSTDOC/2021/24), PM-N(PREDOC/2021/28). 
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INTERROGATIONS INTO AMPAKINES FOR OPIOID USE DISORDER 

NOELLE C. ANASTASIO, Ashley E. Smith, Jia Zhou, Kathryn A. Cunningham 
Center for Addiction Research and Department of Pharmacology and Toxicology, University of 

Texas Medical Branch, Galveston, TX, USA.  

ncanasta@utmb.edu 

 
Opioid use disorder (OUD) produces long-term effects on neurocircuitry which can lead to 
unique patterns of gene expression, possibly contributing to long-term neuroadaptations 

that contribute to continued opioid use. α-Amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid receptor (AMPAR) regulation is linked to neuroadaptations 
associated with chronic opioid use. AMPARs also regulate functional processes underlying 
opioid-mediated behaviors, including antinociception and respiratory rhythmogenesis. 

AMPAR positive allosteric modulators (PAMs), notably the AMPAkines, potentiate the 
function of AMPAR. We hypothesized that our AMPAkine HJC0122 with a favorable 
pharmacokinetic profile will demonstrate a promising preclinical profile as an OUD 
therapeutic. Male Sprague-Dawley rats were trained to self-administer fentanyl and 
treated with HJC0122 (0, 20, 30 mg/kg, i.p.) prior to a fentanyl self-administration 

session. Additional rats were tested on the incremental hot plate assay following HJC0122 
(0, 20 mg/kg i.p.) alone or in combination with fentanyl (0, 30 µg/kg, s.c.). Lastly, rats 
were treated with HJC0122 (0, 20 mg/kg i.p.) followed by escalating doses of fentanyl 
(12.5, 12.5, 25, 50 µg/kg s.c.) to profile effects on fentanyl-induced physiological 

parameters. HJC0122 suppressed fentanyl self-administration without evidence of 
impairment of other measures. HJC0122 potentiated fentanyl-induced antinociception but 
did not alter fentanyl-induced decreases in oxygen saturation, heart rate or pulse 
distension. Thus, HJC0122 exhibits a preclinical profile of a compound that may suppress 
opioid intake with limited side effects. We are actively exploring the molecular mechanisms 

through which the AMPAR PAM evokes efficacy to suppress opioid intake, with the goal to 
develop HJC0122 as a therapeutic compound for OUD.  
Support or Funding Information: U18 DA05245; TL1 TR001440; UTMB Center for Addiction Research. 
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IMPACT OF OPIOID TOLERANCE AND WITHDRAWAL ON GENE EXPRESSION IN STRIATAL 

MICROGLIA 

Kevin R. Coffey, Atom J. Lesiak, Ruby G. Marx, Gwenn A. Garden, and JOHN F. 

NEUMAIER 
Departments of Psychiatry and Pharmacology, University of Washington, VA Puget Sound Health Care 

System, Seattle, WA, USA. 
 neumaier@uw.edu 

Microglia have recently been implicated in dependence to opioids. To investigate this 

directly, we used RNA sequencing of the “translatome”—ribosome associated RNAs from 

striatal microglia (RiboTag-Seq)—after the induction of morphine tolerance and then the 

precipitation of withdrawal by naloxone. The RNA sequencing data from individual male 

and female mice was analyzed using differential expression of individual genes, gene set 

enrichment analysis, and WCGNA with over-representation analysis. We detected large, 

inverse changes in RNA translation following opioid tolerance and withdrawal, and 

bioinformatics analysis revealed an intriguing upregulation of cAMP-associated genes with 

tolerance that are involved in microglial motility, morphology, and interactions with 

neurons. We confirmed that changes in RNA transcript expression detected in the 

microglial translatome were mostly confirmed in a separate set of animals using combined 

immunohistochemistry and RNAscope quantitation. Direct activation of Gi/o-coupled 

DREADD receptors expressed selectively in microglia, rather than mimicking the effects 

of morphine and mitigating withdrawal, exacerbated the signs of opioid withdrawal. 

Together these indicate that opioid tolerance shifts the engagement of cAMP signaling in 

microglia and that rapid reversals in these changes occur after naloxone administration 

that contribute immediately to the signs of opioid withdrawal. Three-dimensional 

histological reconstruction of microglia revealed no substantial changes in basic 

morphology such as process branching and length following induction of morphine 

tolerance or two hours after naloxone-precipitated withdrawal. We are now examining 

the consequences of a single vs numerous cycles of fentanyl tolerance and spontaneous 

withdrawal on behavior, microglial morphology, function, and patterns of gene 

expression.   
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EFFICACY OF THE PANOPIOID AGONIST CEBRANOPADOL ON HEROIN SELF-
ADMINISTRATION AND SEEKING IN RODENT MODELS OF VULNERABILITY TO OPIOID USE 

DISORDER 

Veronica Lunerti1, Laura Rullo2, Carter Allen3, Brittany Kuhn4, Gary Hardiman5, Leah C. 
Solberg Woods6, Laura Soverchia1, Massimo Ubaldi1, Peter Kalivas4, Dongjun Chung3, 

Patrizia Romualdi2, Roberto Ciccocioppo1, NAZZARENO CANNELLA1 
1School of Pharmacy, University of Camerino, Camerino, Italy 

2Department of Pharmacy and Biotechnology, Alma Mater Studiorum University, Bologna, Italy. 
3Department of Biomedical Informatics, The Ohio State University, Columbus (OH), USA 

4Department of Neuroscience, Medical University of South Carolina (MUSC), Charleston (SC), USA 
5Faculty of Medicine, Queen’s University Belfast, UK 

6Wake Forest School of Medicine, Winston-Salem (NC), USA 
nazzareno.cannella@unicam.it  

 

Cebranopadol is a panopioid agonist binding MOP and NOP receptors with equi-nanomolar 
affinity, making it a potential candidate to treat opioid use disorder (OUD).  
First, we evaluated cebranopadol abuse potential in Wistar rats under Fixed Ratio 1 (FR1) 
and Progressive Ratio (PR) contingency, demonstrating the absence of motivation to self-

administer the drug. 
Then, as we found an overexpression of MOP in the ventral tegmental area of Marchigian 
Sardinian alcohol preferring (msP) rat, we compared heroin (1, 7, 20, 60 µg/infusion) 
dose/response curves under FR1 and PR contingency between msP and Wistar rats, 

observing a higher heroin self-administration (FR1) and motivation (PR) in msPs rats, 
indicating that the msP show heroin preference. Thus, we tested the effect of 
cebranopadol (0, 25, 50 µg/kg per os) on both FR1 and PR self-administration in msPs, 
founding that cebranopadol decreased self-administration and motivation for each heroin 
dose. 

Next, considering the heterogeneous treatment response observed in patients, we tested 
cebranopadol (0, 12.5, 25, 50 µg/kg per os) on heroin (20 µg/kg/infusion) self-
administration in NIH heterogeneous stock (HS) rats subjected to our multisymptomatic 
model of individual variability to OUD (PMID:34975564), that allocates rats into OUD-

vulnerable, resilient, and intermediate clusters. Cebranopadol decreased heroin self-
administration at groups level, however, 13% of rats (equally distributed among clusters) 
did not respond to cebranopadol treatment. 
Data indicated that: cebranopadol has a safe abuse profile, msP rats could represent a 
model of heroin preference, cebranopadol reduces heroin self-administration in msP and 

HS rats, individual variability models help highlighting treatment non-responding subjects. 
 

  

mailto:nazzareno.cannella@unicam.it


50 
 

THE CENTRAL SEROTONIN2B RECEPTOR: CONROL OF MESOCORTICOLIMBIC DOPAMINE 

SYSTEM AND THERAPEUTIC IMPLICATIONS FOR COCAINE ADDICTION 

Adeline Cathala1 and UMBERTO SPAMPINATO1,2 
1Bordeaux University & Inserm U1215, Neurocentre Magendie, Bordeaux, France. 2INCIA–UMR 5287, P3TN, 

Bordeaux, France. 

umberto.spampinato@inserm.fr 

 

Serotonin2B receptor (5-HT2BR) antagonists inhibit cocaine-induced hyperlocomotion 

independently of changes of accumbal dopamine (DA) release. Given the relationship 
between accumbal DA activity and locomotion, and the inhibitory role of medial prefrontal 
cortex (mPFC) DA on subcortical DA neurotransmission and DA-dependent behaviors, the 
suppressive effect of 5-HT2BR antagonists on cocaine-induced hyperlocomotion may result 
from an activation of mPFC DA outflow which would subsequently inhibit accumbal DA 

neurotransmission. Here, combining neurochemical, behavioral and cellular approaches in 
rats, we tested this hypothesis using two selective 5-HT2BR antagonists, RS 127445 and LY 
266097. 
The intraperitoneal (i.p.) administration of RS 127445 (0.16 mg/kg) or LY 266097 (0.63 

mg/kg) potentiated cocaine (10 mg/kg, i.p.)-induced mPFC DA outflow. The suppressant 
effect of RS 127445 on cocaine-induced hyperlocomotion was no longer observed in rats 
with local 6-OHDA lesions in the mPFC. Also, RS 127445 blocked cocaine-induced changes 
of accumbal glycogen synthase kinase (GSK) 3β phosphorylation, a postsynaptic cellular 
marker of DA neurotransmission. Finally, in keeping with the location of 5-HT2BRs on 

GABAergic interneurons in the dorsal raphe nucleus (DRN), the intra-DRN administration 
of the GABAAR antagonist bicuculline (100 µM or 0.1 µg/0.2 µl) prevented the effect of RS 
127445 on cocaine-induced mPFC DA outflow as well as on cocaine-induced 
hyperlocomotion and GSK3β phosphorylation. 

These results show that DRN 5-HT2BR blockade suppresses cocaine-induced 
hyperlocomotion by potentiation of cocaine-induced DA outflow in the mPFC and the 
subsequent inhibition of accumbal DA neurotransmission.  
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P9 SOCIAL EMOTIONAL PROFILES OF TWO STRAINS OF TRANSGENIC MICE EXPRESSING 

NICOTINIC RECEPTOR MUTATIONS INVOLVED IN ALCOHOL ABUSE 

CECILE PAGEZE, Léa Tochon, Jean-Louis Guillou, Nadia Henkous, Rose-Marie Vouimba, 

Vincent David 
Bordeaux Neurocampus, INCIA CNRS UMR5287, Bordeaux, France. 

 cecile.pageze@u-bordeaux.fr 

Human genetic association studies have linked different single nucleotide polymorphisms 
(SNPs) of the alpha5-subunit of nicotinic acetylcholine receptors to an increased risk of 
alcohol use disorders (AUDs). Transgenic mice expressing either a common SNP (D398N, 
α5KI) or a deletion of the CHRNA5 gene altogether (α5KO) are both prone to alcohol over -

consumption but display opposite anxiety-related behaviour (hyper vs hypo-anxious) and 
behavioural control (impulsive-like vs not impulsive, respectively). These opposite 
phenotypes strongly evoke characteristics of Cloninger’s avoidant (Type-I) and sensation-
seeking (Type-II) AUDs. To further explore the possibility that α5-nicotinic mutants may 
provide a preclinical model of Cloninger’s AUD subtypes, we investigated their social -

emotional profiles as well as the activity of the amygdalo-hippocampal pathway, involved 
in social-emotional processes. Emotion recognition abilities were assessed using the 
Affective State Discrimination Task, and rescuing behaviour using the Restrainer Tube 
Test. Male α5KO mice were impaired in recognition of a stressed affective state and did 

not display rescuing behaviour towards trapped peers, or were doing so in an inappropriate 
manner by assaulting them. In contrast, female α5KI mice exhibited normal emotion 
recognition and improved rescuing behaviour. Moreover, in vivo electrophysiological 
recordings revealed opposite changes in amygdalo-hippocampal activity in relation with 
these social-emotional profiles, such as a higher potentiation versus a loss of potentiation 

of the BLA-vCA1 neurotransmission in α5KI and α5KO respectively. These results further 
support the parallel between social-emotional profiles of AUD type-I and female α5KI 
mice, and between AUD type-II and male α5KO mice and the implication of the amygdalo-
hippocampal pathway in these differences. 

 

P10 EUGENOL INTERFERES WITH THE ACQUISITION BUT NOT THE EXPRESSION OF 

ETHANOL CONDITIONED PLACE PREFERENCE IN RATS 
 

RAMTIN RAHMANI, Alessandra T. Peana 
Department of Medicine, Surgery and Pharmacy, University of Sassari, 07100 Sassari, Italy 

ram_tin@hotmail.it 
 

The oxidative metabolism of ethanol into acetaldehyde involves several enzymes, 
including alcohol dehydrogenase and catalase either in the brain and in the liver. By 
reacting with H2O2, catalase forms compound I (the catalase-H2O2 system), which can 
oxidize ethanol to acetaldehyde. We have previously shown that acetaldehyde regulates 

ethanol motivational properties and possesses reinforcing effects by itself. Different 
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studies reported that directly or indirectly interference with H2O2 availability may reduce 
conditioned place preference (CPP) and oral ethanol self-administration. Eugenol, a highly 

free radical scavenger agent is the main phenolic compound extracted from certain 
essential oils. The aim of our investigation was to evaluate in rats the effect of systemic 
administration of eugenol (100 mg/kg) on the acquisition and the expression of ethanol-
induced CPP, in which ethanol was administered passively via intragastric. These 
preliminary results show that eugenol could interfere with the acquisition but not the 

expression of ethanol-induced CPP possibly as a result of a reduction of H2O2 availability 
for the compound I. Therefore, these results could support the key role of acetaldehyde 

in the reinforcing properties of ethanol. 

 

P11 FLUOXETINE RESCUES THE DEPRESSIVE-LIKE BEHAVIOUR INDUCED BY 

RESERPINE AND THE ALTERED EMOTIONAL BEHAVIOUR INDUCED BY NICOTINE 

WITHDRAWAL IN ZEBRAFISH: INVOLVEMENT OF TH, CGRP AND MICROGLIA 

Daniela Braida1, Luisa Ponzoni1, Ilaria Dellarole2, Stefano Morara 2, MARIAELVINA SALA2 
1Department of Medical Biotechnology and Translational Medicine, Università degli Studi di Milano, 

Milan,Italy; 
2Neuroscience Institute, CNR c/o Università Milano-Bicocca, Vedano al Lambro, MB, Italy 

Nicotine cessation leads to anxiety and depression. Zebrafish is an increasingly used model 

to set up neuropsychiatric diseases. The suitability of zebrafish model of anhedonia, using 

reserpine, was firstly investigated. Fluoxetine was used to demonstrate the predictivity 

of the model and to reduce the anhedonic state induced by nicotine withdrawal. 

Zebrafish were exposed to reserpine (40 mg/L) and then to fluoxetine (0.1 mg/L) for one 

week. Anhedonia was evaluated in terms of anxiety (novel diving test) and motivation 

(compartment preference test). The immunoreactivity for tyrosine hydroxylase (TH) and 

the neuropeptide CGRP was also analysed.  

Less time in the top and an increased latency to top in reserpine group compared to drug-

free animals, was found. Fluoxetine rescued to control value. Seven and 30 days after 

nicotine withdrawal animals spent more time in the bottom and a similar time in the three 

compartments. Fluoxetine rescued the time spent in the top on Day 7 while only partially 

on Day 30. An increase of cells number expressing tyrosine hydroxylase (TH) in nicotine 

group compared to drug-free, was shown in dPPN. An increase of calcitonin gene-related 

peptide (CGRP) immunoreactivity was found in nicotine +fluoxetine group compared to 

nicotine alone.  

Our findings validate the suitability of zebrafish model of anhedonia using the reserpine-

induced depression-like behaviour and the predictivity using fluoxetine. We demonstrated 

the efficacy of fluoxetine to rescue nicotine withdrawal-induced anhedonic state opening 

the possibility to screen in zebrafish new drugs to alleviate anxiety and depressive 

symptoms in smokers during abstinence.  
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P12 ENDOCANNABINOID-DEPENDENT PERSISTENT DECREASE OF GABAERGIC 

TRANSMISSION ON DOPAMINERGIC NEURONS UNDERLIES GENE-ENVIRONMENT 

INTERACTION-INDUCED SUSCEPTIBILITY TO COCAINE SENSITIZATION 

VALERIA SERRA, Francesco Traccis, Sonia Aroni, and Miriam Melis 
Department of Biomedical Science, Division of Neuroscience and Clinical Pharmacology, University of 

Cagliari, Italy. 

valeria.serra@unica.it 

Vulnerability to develop cocaine use disorder depends upon an unpredictable combination 

of genetic and non-genetic risk factors. Early life adversity and adolescence are critical 
non-genetic risk factors, and haplotypes of the monoamine oxidase A (MAOA) genes are 
among genetic variations increasing the risk of drug-related problems. However, data on 
the interactions between inheritable risk factors and early life stress (ES) with respect to 
predisposition to cocaine abuse are limited. Here, we show that a mouse model containing 

both genetic (low-activity alleles of the MAO A gene; MAOANeo) and environmental (i.e., 
ES) variables displays a long-lasting increased sensitivity to repeated in vivo cocaine 
psychomotor stimulant actions associated with a reduction of GABAA receptor-mediated 
inhibition of dopamine neurons of the ventral tegmental area (VTA). Depolarization-

induced suppression of inhibition (DSI), a 2-arachidonoylglycerol (2-AG)-dependent form 
of short-term plasticity, also becomes readily expressed by dopamine neurons from 
MAOANeoES mice treated repeatedly with cocaine. Activation of either dopamine D2 or CB1 
receptors is required for cocaine-induced DSI expression, decreased GABA synaptic 
efficacy, and hyperlocomotion. Next, in vivo pharmacological enhancement of 2-AG 

signaling during repeated cocaine exposure occludes its actions both in vivo and ex vivo. 
This data extends our knowledge of the multifaceted sequelae imposed by this gene by 
environment interaction in VTA dopamine neurons of male pre-adolescent mice, 
contributing to our understanding of neural mechanisms of vulnerability for early onset 

cocaine use disorder.   

 

*P13 SEX DIFFERENCES IN THE 3-CRIT MODEL OF COCAINE ADDICTION IN 

RATS 

VERONIKA POHOŘALÁ – see pg.104 
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TRANSLATIONAL RESEARCH IN ADDICTION: PSYCHOPHARMACOLOGICAL STUDIES IN 
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HARRIET DE WIT 
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P14 CELLULAR AND SUBCELLULAR DIVERSITY OF CB1 RECEPTOR IN HIPPOCAMPAL 

D1-POSITIVE CELLS ON MEMORY PROCESSES 

GIANLUCA LAVANCO1,2,3,4*, Antonio C. Pagano Zottola1,2*, Jose F. Oliveira da Cruz1,2, 
Astrid Cannich1,2, Francisca Julio-Kalajzić1,2, Doriane Gisquet1,2, Carla Cannizzaro5, 
Filippo Drago3, Etienne Hebert Chatelain6, Luigi Bellocchio1,2, Giovanni Marsicano1,2 

1 INSERM U1215, NeuroCentre Magendie, Bordeaux, France 
2 University of Bordeaux, Bordeaux, France 

3 Dept. of Biomedical and Biotechnological Sciences, Section of Pharmacology, University of Catania, Italy 

4 Dept. of Health Promotion, Mother and Child Care, Internal Medicine and Medical Specialties, "G. 
D'Alessandro", University of Palermo, Italy 

5 Dept. of Biomedicine, Neurosciences and Advanced Diagnostics, University of Palermo, Italy 

6 University of Moncton, Département de Biologie, Moncton, NB, Canada 
* Share first authorship 

bimbaxss@libero.it 

The endocannabinoid system has emerged as a major brain modulatory system controlling 

memory functions. Via modulation of cellular functions at different subcellular levels 

(e.g., plasma or mitochondrial membranes) by type-1 cannabinoid receptors (CB1), 

cannabinoids modulate several memory processes. However, the cell types where these 

effects occur are not known yet. 

Using a combination of conditional and virally-induced mutagenesis, behavioral analyses, 

chemogenetics and pharmacology approaches, here we show the functional connection 

between CB1 receptor and dopaminoceptive signaling in the regulation of hippocampal 

memory processes with particular emphasis on the plasma membrane versus mitochondrial 

role. 

Mice lacking CB1 in D1-positive cells (D1-CB1-KO) displayed impaired object recognition 

memory. Re-expression of CB1 in hippocampal D1-positive cells rescued this memory 
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impairment. Chemogenetic and pharmacological experiments revealed that CB1-mediated 

memory involves the local control of GABAergic inhibition in a D1-dependent manner. On 

the other hand, subcellular location of CB1 activation in hippocampal D1-positive cells is 

not required for physiological regulation of memory formation per se. Conversely, 

mitochondrial associated CB1 receptors (mtCB1) in D1-positive cells are required for THC-

induced amnesic effect. To test the mitochondrial involvement of this behavior, we 

generated an adeno-associated virus expressing a mitochondrial mutant of DREADD-Gs 

(Designer Receptors Exclusively Activated by Designer Drugs). Administration of the drug 

CNO to mice expressing this mito-DREADD-Gs in hippocampal D1-positive cells fully 

abolished the amnesic effect of THC. This study reveals the diversity of cellular and 

subcellular CB1 receptors in learning and memory processes and provide the basis for the 

development of therapeutic strategies to tackle diseases associated to altered cognition 

such as addiction.  

 

P15 COCAINE INDUCES INPUT AND CELL-TYPE-SPECIFIC SYNAPTIC PLASTICITY IN 

VENTRAL PALLIDUM-PROJECTING NUCLEUS ACCUMBENS MEDIUM SPINY NEURONS 

KINERET INBAR, Liran A. Levi, Yonatan M. Kupchik 
Department of Medical Neurobiology, Faculty of Medicine, The Institute for Medical Research Israel-

Canada (IMRIC), The Hebrew University of Jerusalem, Israel. 

kinereinbar@gmail.com  

Withdrawal from cocaine induces long-term synaptic alterations in the excitatory input to 
nucleus accumbens (NAc) medium spiny neurons (MSNs). The NAc regulates reward-related 

behaviors through two parallel projections to the ventral pallidum (VP) – originating in D1 

or D2-expressing MSNs (D1-MSNs→VP; D2-MSNs→VP). The activity of these projections 
depends on their excitatory synaptic inputs. Yet, it is not known how withdrawal from 

cocaine affects the excitatory transmission to D1-MSNs→VP and D2-MSNs→VP. Here we 
examined different forms of cocaine-induced synaptic plasticity in the inputs from the 

basolateral amygdala (BLA) and medial prefrontal cortex (mPFC) to NAc D1-MSNs→VP and 

D2-MSNs→VP in the core and shell sub-compartments of the NAc. We used the whole-cell 
patch-clamp technique to record excitatory postsynaptic currents from D1-tdTomato mice 
injected with ChR2 in either the BLA or the mPFC and retrograde tracer (RetroBeads) in 
the VP. We found that cocaine conditioned place preference (CPP) followed by abstinence 

potentiated the excitatory input from the BLA and mPFC to both D1-MSNs→VP and D2-

MSNs→VP. Interestingly, while the strengthening of the inputs to D1-MSNs→VP was of 

postsynaptic origin and manifested as increased AMPA to NMDA ratio, in D2-MSNs→VP 
plasticity was predominantly presynaptic and was detected as changes in the paired-pulse 
ratio and coefficient of variation. Overall, our data show that abstinence from cocaine 

changes the excitatory inputs to both D1-MSNs→VP and D2-MSNs→VP but with different 
mechanisms. This may help understand how circuits converging into the VP change after 

cocaine exposure. 
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P16 BINGING ON ALCOHOL AND PSYCHOPATHOLOGICAL PROFILE OF SICILIAN 

HIGH SCHOOL STUDENTS: CONFIRMATION FROM THE PRECLINICAL MODEL 

VALENTINA CASTELLI1, Fulvio Plescia2, Anna Brancato2, Giuseppe Maniaci1, Gianluca 
Lavanco2, Carla Cannizzaro1 

1Department of Biomedicine, Neuroscience and Advanced Diagnostics, University of Palermo, Italy 
2Department of Health Promotion, Mother-Child Care, Internal Medicine and Medical Specialties of 

Excellence “G. D’Alessandro”, University of Palermo, Italy 
valentina.castelli02@unipa.it 

 
The high prevalence of alcohol binge-drinking (ABD) among adolescents, even in 
Mediterranean regions traditionally characterized by drinking wine during meals, is of 
particular concern given the still-going-on maturation of the brain, setting the stage for 

maladaptive coping strategies to the socio- cultural challenging context and for addiction. 
On the other hand, the existence of a psychopathological profile may influence the 
trajectory of alcohol consumption to ABD3. 
This research assessed the prevalence of ABD in late-adolescent students of Southern 

Italy and characterized their psychological profile and drinking motivations. Translational 
effects of ABD in the animal model were also studied. 
To this aim, 759 high school students of both sexes (aged 18-20) were recruited. Rats were 
evaluated in social interaction- and novelty-suppressed feeding tests for anxiety-like 
behavior; swimming time in the forced swim test was recorded as an index of resilience; 

corticosterone secretion was measured after the exposure to social stress on three days. 
Of all students, 85% drank alcohol and 28% of them engaged in ABD, independently of 
their sex; coping, conformity, enhancement, and sociality were the prevalent motives. 
Furthermore, anxiety and passive-aggressive personality traits, lower resilience, and self-

esteem were diagnosed in ABD students. Binge-like alcohol-exposed adolescent rats 
displayed high integrated z-score for social-, novelty-induced anxiety, decreased 
resilience, and blunted neuroendocrine response to stress. 
In our sample, ABD prevalence matches with other Mediterranean regions and is 
associated with a peculiar psychopathological profile. Furthermore, the animal model 

indicates a causal relationship between binge-like alcohol exposure, anxiety-like 
phenotype, and disturbances in the neuroendocrine response to social stress that 
highlight ABD detrimental consequences on the adolescent brain. 
1Agnoli, L., Boeri, M., Scarpa, R., Capitello, R., Begalli, D. 2018. Behavioural patterns in Mediterranean-
style drinking: Generation Y preferences in alcoholic beverage consumption. J. Behav. Exp. Econ. 75(C), 
117–125. doi:10.1016/j.socec.2018.06.001. 
2National Institute of Alcohol Abuse and Alcoholism (NIAAA). 2004. Drinking Levels 
Defined. Retrieved from http://www.niaaa.nih.gov/alcohol-health/overview-alcoholconsumption/ 
moderate-binge-drinking. 
3Carrà, G., Bartoli, F., Clerici, M., & el-Guebaly, N. 2015. Psychopathology of dual diagnosis: new trumpets 
and old uncertainties. Journal of Psychopathology, 21(4), 390–399. 
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P17 ROLE OF CANNABINOID CB1 RECEPTORS IN THE NUCLEUS ACCUMBENS CORE 

IN STRESS-INDUCED REINSTATEMENT OF COCAINE SEEKING AND CONTEXT-SPECIFIC 

INCREASE OF EXTRACELLULAR GLUTAMATE 

ANDREA S. GUZMANa,b, María P. Avalosa,b, Bethania Mongi-Bragatoa,b, Laura N. De 
Giovannib, Marianela A. Sancheza,b, Pia V. Euliarteb, Georgina Vedelagoa,b, Julieta 

Boezioa,b, Daiana Rigonia,b, Miriam B. Virgolinia,b, Flavia A. Bollatia,b, Liliana M. Cancelaa,b  
a
Departamento de Farmacología Otto Orsingher, Facultad de Ciencias Químicas, Universidad Nacional de 

Córdoba, Córdoba, Argentina. 
bInstituto de Farmacología Experimental de Córdoba (IFEC-CONICET), Córdoba, Argentina. 

andrea.guzman@unc.edu.ar 

Pharmacological evidence from our lab supports the critical role of glutamatergic 
neurotransmission within the nucleus accumbens core (NAcore) in stress-induced 
reinstatement of cocaine-seeking behavior in rodents. Since the cannabinoid type-1 
receptor (CB1R) has a crucial role in modulating glutamate release, we evaluated the 
effects of AM251 and ACEA, a highly selective CB1R antagonist and agonist respectively, 

on 1) our model of stress-induced reinstatement of cocaine-conditioned place 
preference (CPP), and 2) changes in extracellular glutamate (eGLU) levels within NAcore 
by using the in vivo microdialysis technique. Firstly, our results demonstrated that a 
reinstating stress session (30 min of restraint) induced an increase in eGLU levels within 

NAcore in animals re-exposed to the drug-paired compartment after the extinction of 
cocaine-CPP. Interestingly, the microinjection of AM251 (5 nmol/0.5ul/side) or ACEA 
(0.01 fmol/0.5ul/side) directly into NAcore (but not NAshell) prevented or potentiated, 
respectively, the stress-induced increase of eGLU and reinstatement of cocaine-CPP. 
Since reinstatement can be prevented by restoring impaired glutamate homeostasis, we 

proposed that CB1R could be modulating basal eGLU levels. For this, we perfused 
increasing doses of ACEA into NAcore by reverse microdialysis showing a reduction in 
basal eGLU levels in a dose-dependent manner. These in vivo findings are consistent 
with the canonical CB1R signaling mechanism and suggest that CB1R activation may 

cause an initial reduction in basal eGLU and a lower presynaptic inhibition by mgluR2/3, 
favoring subsequent presynaptic glutamate release triggered by stress. Basal eGLU 
levels and expression of CB1R within NAcore along the CPP protocol complete the 
discussion of our results. 
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Metaplasticity and Addiction: from mechanisms to behaviour 

METAPLASTIC EFFECTS OF ETHANOL ON AMPA RECEPTORS IN IMMATURE AND MATURE 

HIPPOCAMPAL SLICES 

ELISABETTA GERACE 
University of Florence, Italy 
elisabetta.gerace@unifi.it 

 

Chronic exposure to ethanol (EtOH) induces neuroadaptations at different levels, including 

changes in synaptic plasticity, associated also with addiction phenomena. These changes 
persistently remain as a form of drug memory, that can be classified as metaplasticity. 
This phenomenon is defined as “changes in the state-dependency of synaptic 
functionality” and predisposes also to the formation of a new, maladaptive form of 
memory. The role of glutamate receptors and metaplasticity in addiction has been well 

established. However, the mechanisms underlying the metaplastic effects of EtOH are not 
yet fully understood. In particular, changes in the properties and trafficking of AMPAR 
receptors (AMPARs) have been described as a crucial component of metaplasticity. Here, 
we examined the metaplastic effects of long-term exposure to EtOH on AMPARs in 

immature and mature organotypic hippocampal slices and in a mice model of prenatal 
ethanol exposure, by molecular, functional and morphological analysis. Our results show 
that EtOH induces changes in expression, surface localization and functional properties of 
AMPARs in mature slices, thus suggesting a shift to Ca2+-permeable AMPAR channel 
formation, indicating a metaplastic mechanism of EtOH neurotoxicity. Conversely, in 

immature hippocampal slices, as well as in hippocampal tissue obtained from the 
adolescent prenatal ethanol exposed offspring, we observed that AMPA-mediated synaptic 
transmission and trafficking are long lasting downregulated by EtOH exposure, indicating 
a metaplastic effect of EtOH on neurodevelopment. In conclusion, the present study 

suggests that AMPAR modulation may lead to metaplasticity and may be a new-based 

therapeutic changes for alcohol use disorders. 
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METAPLASTIC MODULATION OF SUCROSE RENEWAL AND INSTRUMENTAL MEMORY 
RECONSOLIDATION 

 
CHRISTIAN CHIAMULERA, Nicholas Pintori, Alessandro Piva 
Dept. Diagnostics & Public Health, University of Verona, Verona, Italy 

cristiano.chiamulera@univr.it 

 
Upon exposure to drugs or environmental stimuli, early induction of plasticity mechanisms 
can affect the extent to which subsequent neuroplasticity will occur, a phenomenon called 
metaplasticity. We describe a series of effects by NMDA antagonists MK-801 and ketamine 

or environmental enrichment (EE) on appetitive behaviour and memory that could be 
explained as metaplasticity effects. 
MK-801 but not ketamine given 24h before retrieval of sucrose memory significantly 
inhibited memory reinstatement. This effect was correlated to increased expression of 
GluN2B, GluA1 and mGluR5 in nucleus accumbens (NAc), and GluN2B in amygdala. When 

ketamine was given 24h before relapse significantly inhibited sucrose-seeking renewal. 
Ketamine increased GluN2B but decreased GluA1 and mGluR5 in the NAc; conversely, in 
amygdala, ketamine increased both GluN2B and mGluR5. In mPFC, ketamine increased 
GluN2B, GluA1, GluA2, and related scaffolding proteins, suggesting a pattern of enhanced 

excitability. In hippocampus, ketamine decreased NMDA while increased AMPA receptors 
subunit ratios, an effect indicative of permissive metaplastic modulation. 
Brief EE exposure enhanced conditioned context (Cx)-induced sucrose-seeking renewal, 
and memory reconsolidation following a short contextual retrieval. Brief EE exposure was 
supposed to act as a proactive interference agent, influencing the subsequent Cx-memory 

reactivation. The proactive interference effects might represent metaplastic effects of 
EE as recently indicated by electrophysiological data.  
Evidence from these studies suggest that metaplasticity changes of glutamate receptor 
expression and/or composition induced by NMDA antagonists in key brain areas for 

appetitive behaviours and memory could revert the inflexibility of neurocircuitry 
underlying addiction and memory reconsolidation. 
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THE NEURAL MECHANISMS DRIVING THE TRANSITION FROM REGULAR TO COMPULSIVE 

COCAINE INTAKE IN RATS LACKING THE SEROTONIN TRANSPORTER 

JUDITH R. HOMBERG, Michel Verheij, Peter Karel, Lucia Caffino, Fabio Fumagalli, Rick 
Dijkhuizen, George Koob, Candice Contet 

Donders Institute for Brain, Cognition, and Behaviour, Department of Cognitive Neuroscience, Radboud 
University Medical Center, Nijmegen, the Netherlands 

 judith.Homberg@radboudumc.nl 

 

Drug addiction is a brain disorder characterized by compulsive drug intake. It is thought 

that the transition from controlled regular to uncontrolled compulsive drug intake is 

associated with a neural shift from brain areas implicated in functions such as arousal to 

areas exerting more complex functions such as emotion regulation. To investigate the 

neural circuitry involved in the transition from regular to compulsive cocaine intake, we 

used rats lacking the serotonin transporter (SERT), which is associated with risk for drug 

addiction. We found that these rats display increased cocaine intake under both regular 

(“1-hr short-access”) and compulsive (“6-hr long-access”) self-administration conditions. 

We could mimic the increased cocaine intake under short-access conditions by down-

regulating SERT in the median raphe, and the increase cocaine intake under long-access 

conditions by down-regulating SERT in the dorsal raphe. Furthermore, we found that SERT 

down-regulation in the median raphe affected corticotrophin releasing factor (CRF) levels 

in the hypothalamus, and SERT down-regulation in the dorsal raphe affected CRF in the 

amygdala. Using ultra-resolution MRI we found volume changes in the amygdala and dorsal 

raphe in SERT knockout rats with a history of compulsive cocaine intake. We also found 

that, at 24 hours into withdrawal from compulsive cocaine intake, brain-derived 

neurotrophic factor signaling was completely dysregulated in SERT knockout rats. In 

conclusion, the transition to compulsivity in drug addiction could relate to a neural shift 

from the median raphe to the dorsal raphe projecting to the amygdala, with changes in 

amygdala neuroplasticity further consolidating this shift. 
Support or Funding Information 
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FROM REGULAR TO COMPULSIVE COCAINE INTAKE IN SEROTONIN TRANSPORTER 
KNOCKOUT RATS: THE GLUTAMATERGIC SYNAPSE 

 
LUCIA CAFFINO1, Michel MM Verheij2, Francesca Mottarlini1, Giorgia Targa1, Beatrice 

Rizzi1, Coralie Maggi1, Judith Homberg2 and Fabio Fumagalli1 
1Dept Pharmacological and Biomolecular Sciences, Università degli Studi di Milano, Italy. 

2Dept Cognitive Neuroscience, Radboud University Nijmegen Medical Centre, The Netherlands. 
lucia.caffino@unimi.it ; lucia.caffino@gmail.com 

Previous studies have shown that reduced expression and function of the plasmalemmal 
serotonin transporter is closely associated with an anxious and pro-depressive phenotype 

and promotes higher cocaine intake in rats. However, little is known about the underlying 
mechanisms. 
Thus, given the pivotal role of glutamate in cocaine seeking behavior, the aim of our study 
was to evaluate whether changes in the glutamate synapse in reward-related brain areas 

of naïve and rats lacking the serotonin transporter (SERT -/-) exposed to repeated short-
access (ShA, 1h/day) or long-access (LgA, 6h/day) cocaine (COC) self-administration could 
contribute, at least in part, to higher drugs intake. 

SERT-/- rats self-administer more cocaine under both ShA and LgA conditions and increase 
the motivational effects of COC. Deletion of SERT determined an overall reduction of 
NMDA and AMPA receptor subunits and their scaffolding proteins in the nucleus accumbens 
core (cNAc), infralimbic (ILc) and prelimbic (PLc) cortices and habenula, mimicking the 
COC-induced changes in wild-type animals. LgA, but not ShA, in SERT-/- rats increased 

glutamatergic signaling in cNAc, but not in NAc shell, and in ILc suggesting that SERT 
removal reorganizes the glutamate synapse, contributing to the escalation of cocaine 
seeking. 
Changes in the composition of the glutamate synapse induced by removal of SERT may 

shape motivational states, which in turn strongly drive continuation and compulsive drug 
use. Moreover, hypersensitivity of the glutamatergic synapse in the cNAc, a subregion 
involved in the incubation of drug seeking, may contribute to the increased vulnerability 
to addiction observed in SERT-/- rats. 

 

AGONISTS AND POSITIVE ALLOSTERIC MODULATORS OF THE 5-HT2CR AND 5-HT2AR FOR 

SUBSTANCE USE DISORDERS 

KATHRYN A. CUNNINGHAM, Jia Zhou, Noelle C. Anastasio 
Center for Addiction Research and Department of Pharmacology and Toxicology, University of 

Texas Medical Branch, Galveston, TX, USA. 

kcunning@utmb.edu 

 
The serotonin 5-HT2A receptor (5-HT2AR) and 5-HT2CR are modulators of cortical circuitry 
responsible for decremented self-control in substance use disorders (SUDs) while impaired 

signaling capacity of these receptors contributes to the neurobiological processes that 
underlie SUDs. Preclinical studies indicated that the 5-HT2CR agonist lorcaserin suppressed 
intake of cocaine and opioids, however clinical trials with the 5-HT2CR agonist lorcaserin 
did not sustain abstinence in cocaine or opioid use disorder participants, likely due to low 
efficacy as a 5-HT2CR agonist at the clinically relevant doses. There is renewed interest in 

the therapeutic potential of psychedelic 5-HT2AR agonists which suppress cocaine and 
opioid intake in rodents. While receptor agonists may have a role in SUD treatment, there 
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are potential challenges as therapeutics (e.g., abuse, adverse events), and an appealing 
strategy to modulate 5-HT2AR and 5-HT2CR functional responses is to craft positive 

allosteric modulators (PAMs) that act to augment the receptor response to stimulus while 
binding to a less conserved allosteric site. We have designed, synthesized, and optimized 
a novel series of selective 5-HT2AR or 5-HT2CR PAMs with promising in vitro pharmacological 
and physicochemical profiles. In silico molecular docking has identified potential PAM 
binding sites distinct from the orthosteric sites of the receptors. Molecular and 

pharmacological studies of novel 5-HT2AR and 5-HT2CR PAMs will be discussed within the 
context of receptor agonists as therapeutic approaches for SUDs.  
Support or Funding Information 
Supported by grants R01DA038446, T32DA007287, UTMB Center for Addiction Research  

 

THE ROLE OF SEROTONIN (5-HT)2C RECEPTOR IN NICOTINE WITHDRAWAL SYMPTOMS 

MAGDALENA ZANIEWSKA 
Maj Institute of Pharmacology, Polish Academy of Sciences, Department of Pharmacology, Laboratory of 

Pharmacology and Brain Biostructure, 31-343 Kraków, Poland. 

zaniew@if-pan.krakow.pl 

Preclinical studies have shown an inhibitory effect of serotonin (5-HT)2C receptor agonists 
on many behavioral effects of nicotine in rodents [e.g., 1-6], however, little is known 
about the effects of 5-HT2C receptor stimulation on nicotine withdrawal [7]. During 
withdrawal from passive nicotine administration, changes in the level of 5-HT2C receptor 

mRNA editing and protein expression occurred in the hippocampus [8], suggesting that 
hippocampal 5-HT2C receptors are important for nicotine abstinence. 
Our current data demonstrate that chronic treatment with 5-HT2C receptor agonist, 
lorcaserin during withdrawal from nicotine self-administration attenuated locomotor 
hyperactivity, depression-like phenotype, and cognition-like deficits in rats [9]. The 

immunoenzymatic and immunofluorescence studies indicate that chronic lorcaserin, by 
itself, increased the number of doublecortin (a marker for immature neurons)-positive 
cells in the hippocampus [9]. 
Our findings strengthen the role of 5-HT2C receptors in the control of the aversive aspects 

of nicotine abstinence and suggest a potential mechanism (modulation of adult 
hippocampal neurogenesis) that could be linked to lorcaserin-induced alleviation of 
nicotine withdrawal symptoms, especially depression-like behavior. 
1. Fletcher et al., 2012. Neuropharmacology, 62(7), 2288–2298. 
2. Guy et al., 2014. Behav Pharmacol., 25(8), 775–783. 
3. Higgins et al., 2012. Neuropsychopharmacology, 37(5), 1177-1191.  
4. Levin et al., 2011. J Pharmacol Exp Ther., 338(3), 890-896.  
5. Zaniewska et al., 2009. Synapse, 63(8), 653-661.  
6. Zeeb et al., 2015. ACS Chem Neurosci., 6(7), 1231-1240.  
7. Zaniewska et al., 2010. Neuropharmacology, 58(7), 1140-1146. 
8. Zaniewska et al., 2015. J Neurochem., 134(4), 704-716.  
9. Zaniewska et al., 2021. Int J Mol Sci., 22(2), 868. 
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THE ROLE OF THE 5-HT2C RECEPTOR IN NICOTINE ADDICTION: FOCUS ON THE 

HABENULA/VTA CIRCUITRY 

GIUSEPPE DI GIOVANNI1,2 
1Neurophysiology Laboratory, Department of Physiology and Biochemistry, Faculty of Medicine and 

Surgery, University of Malta, Msida MSD 2080, Malta. 
2Neuroscience Division, School of Biosciences, Cardiff University, UK. 

Giuseppe.digiovanni@um.edu.mt; Digiovannig@cardiff.a.c.uk 

Compelling evidence has shown a pivotal role of 5-HT2C receptors in drug addiction, 

including nicotine dependence and relapse. Nevertheless, the exact 5-HT2C receptor anti-

addiction effects are far from being completely understood. Recently, the Lateral 

Habenula (LHb) has attracted a great deal of attention a target for nicotine in the brain 

because of its role in regulating dopamine (DA), gamma-aminobutyric acid (GABA) and 

serotonin (5-HT) systems. Moreover, symptoms associated with nicotine withdrawal may 

be caused by dysfunctions of the LHb output. Therefore, LHb might be of fundamental 

importance in the expression of nicotine reinforcing properties and withdrawal. I will focus 

my talk on the role of the LHb in nicotine modulation of DA function. Furthermore, as LHb 

has a high-density expression of 5-HT2C receptors, I will present evidence about these 

receptor subtypes that might be important in the control of LHb neuronal activity and 

output to the midbrain monoaminergic systems under normal and pathological conditions 

such as nicotine addiction. 
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Harms and benefits associated with cannabis consumption in 

mental disorders 

FROM THE KIFF’S PIPE TO THE SUBNANOMOLAR-AFFINITY CANNABINOID CB1 

RECEPTOR AGONISTS: THE MOLECULAR BASIS OF CANNABIS ADDICTION FROM A 

HISTORICAL PERSPECTIVE 

FERNANDO RODRÍGUEZ DE FONSECA 
Nicolas Monardes Researcher. Laboratory of Neuropsychopharmacology. Mental Health Unit. Regional 

Universitary Hospital of Málaga. IBIMA Institute. Málaga-SPAIN. 

fernando.rodriguez@ibima.eu 

When in 1919 the renown Spanish writer Ramón María del Valle Inclán published The Kiff’s 

Pipe, he could not envision that the circular travel from paradise to hell that he described 

in this unique modernistic book of poems, will be still circling a hundred years after. His 

particular view of the world illuminated by the artificial paradise of cannabis, turned into 

a hell of witches and heretics that made him realize of the big fake born from his cachimba 

pipe. A century after, we are still dealing with the same dilemma, aggravated by the 

appearance of synthetic products –no more green leaves- capable of multiplying the 

paradise and hell intensities described by the poet. The discovery of the cannabinoid 

receptors, in parallel with the development of multiple scaffolds supporting 

cannabimimetic activity, led to the appearance of hundreds of compounds that are 

currently being detected in the illegal market, despite the terrible clinical consequences 

derived of its abuse. In this presentation we will review the historical advances on 

cannabinoid pharmacology, the parallel increase on the potency of both, natural products 

and synthetic cannabinoid agonists, and discuss its relevance for cannabis addiction, 

psychiatric comorbidity and general toxicity. The counterpoint of social acceptance of 

cannabis use is the clear scientific evidence of the harms derived of the potency of either 

the natural or the synthetic products that will be described and discussed for a hundred 

years more. 

Supported by ISCIII-UE/EDRF grants RETICS RD16/0017/001, RIAPAD RD21/0009/0003 and DTS19/00125 

 

 

ADOLESCENT CANNABINOID EXPOSURE AND PROBLEMATIC PATTERNS OF DRUG USE IN 

ADULTHOOD 

MARIA SCHERMA 
Department of Biomedical Sciences, University of Cagliari, Cagliari, Italy 
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BRAIN LEVELS OF FATTY ACID AMIDE HYDROLASE LINKED WITH RISK FOR ALCOHOL 
USE DISORDER:  PET STUDIES IN HEAVY DRINKING YOUTH 

Laura M Best1,2,8, Christian S Hendershot2-6, Jennifer F Buckman9,10, Samantha Jagasar1, 
Matthew McPhee2,5, Neel Muzumdar9, Rachel F Tyndale3,6,8, Sylvain Houle1,3, Renee 

Logan3, Stephen J Kish1,3,4,6,8, Bernard Le Foll1-4,6-8 and ISABELLE BOILEAU1-4,8  
1Brain Health Imaging Centre, 2Addictions Division and 3Campbell Family Mental Health Research Institute, 

Centre for Addiction and Mental Health, Toronto ON; 4Department of Psychiatry and Bowles Center for 
Alcohol Studies, University of North Carolina at Chapel Hill, Chapel Hill NC; Departments of 5Psychiatry, 

6Psychological Clinical Science, 7Pharmacology and Toxicology, 8Community and Family Medicine and 
9Institute of Medical Science, University of Toronto, Toronto ON; 10Department of Kinesiology and Health 

and 11Center of Alcohol and Substance Use Studies, Rutgers University, New Brunswick NJ. 
Isabelle.boileau@camh.ca 

  
Preclinical and clinical studies suggest that fatty acid amide hydrolase (FAAH), the 
catabolic enzyme for the major endocannabinoid anandamide, may play a role in alcohol 
intake and preference and its impairment increases risk for alcohol use disorder (AUD). 

We tested the hypotheses that lower FAAH in brain of heavy-drinking youth characterized 
with respect to family history of AUD is related to increased alcohol intake, hazardous 
drinking and response to alcohol-induced effects.  
FAAH brain levels in striatum, prefrontal cortex and whole brain were determined using 
positron emission tomography imaging of [11C]CURB in HED youth (n=31; 19-25 years). 

Blood was taken to assess FAAH genotype (rs324420). Behavioral and cardiovascular 
responses to alcohol were measured during a controlled intravenous alcohol infusion.  
Individuals with lower brain FAAH endorsed higher hazardous drinking scores and lower 
sensitivity to the negative effects of alcohol. During the IV alcohol challenge they also 

reported feeling less sedation, greater negative arousal effects and alcohol urge and lower 
heart rate variability. Family history of AUD did not relate to FAAH levels or behavioral 
outcomes.   
Lower FAAH in brain was related simultaneously with a dampened response to the 
negative, impairing effects of alcohol as well as increased drinking urges and alcohol-

induced arousal, which could both be driving heavier drinking. Whether FAAH is related 
to greater motivation to drink needs to be tested. Our findings suggest that anandamide 
might decrease the negative effects of acute alcohol intoxication and increase urges to 
drink, thereby contributing to the addiction process.  

 

CANNABINOIDS, MEMORY AND POST TRAUMATIC STRESS DISORDER 

PATRIZIA CAMPOLONGO 
Dept. of Physiology and Pharmacology, Sapienza University of Rome, Italy 

IRCCS Santa Lucia Foundation, Rome, Italy 
patrizia.campolongo@uniroma1.it  

Enhanced memory for emotional events is a well-recognized phenomenon, which has 
obvious adaptive value in evolutionary terms, as it is vital to remember both dangerous 
and favorable situations. However, the efficient encoding of emotional memories can, in 

certain conditions, become maladaptive. Severe stress often turns emotional memories 
into a source of chronic anxiety, which may lead to the development of stress related 
disorders. An appropriate emotional response to an aversive event requires fine-tuned 
neurotransmitter release regulation and functional neuronal circuits. The endogenous 
cannabinoid system is a crucial modulator of these processes, playing an important role 
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in the modulation of synaptic plasticity and memory function. Emerging evidence 
demonstrates that the level of stress associated to the environmental conditions plays a 

crucial role in modulating cannabinoid effects on emotional behaviors. Therefore, in this 
talk I will discuss to what extent the level of stress, associated to the level of training-
induced emotional arousal, might have implications on cannabinoid effects on memory 
performances in rats. In particular, I will present data demonstrating that variations in 
the level of emotional arousal, associated to the experimental conditions, shape 

cannabinoid effects on memory functions. Given that, I will present results indicating that 
exogenous manipulation of the endocannabinoid system might differentially affect 
memory processes, thus being either protective or deleterious with regard to the 
development of long-term behavioral alterations partially resembling those seen in PTSD 

patients.  
 

CANNABINOIDS AND ABSENCE EPILEPSY: NEW DRUG TARGET OR A PUBLIC HEALTH 

RISK? 

TATIANA P. MORAIS1, Manuela Radic1, Francis Delicata1, Vincenzo Crunelli2, Giuseppe Di 

Giovanni1,2 
1Faculty of Medicine and Surgery, Department of Physiology and Biochemistry, University of Malta (Msida, 

MT); 2School of Biosciences, Cardiff University, Cardiff, UK. 

tatiana.pinto-morais@um.edu.mt; manuela.radic@outlook.com; francis.delicata.06@um.edu.mt; 

Crunelli@cardiff.ac.uk; giuseppe.digiovanni@um.edu.mt 

Cannabis has potential benefits for different diseases, including epilepsy. Nevertheless, 
cannabis use, due to the lack of robust biomedical and clinical research and its popularity 
based on anecdotal positive evidence, may present a risk to public health. While 
phytocannabinoid cannabidiol (CBD) is effective in Lennox-Gastaut and Dravet syndromes, 
two severe pediatric epilepsies, other cannabinoids have been shown to aggravate 

seizures.  
Considering the increasing use of cannabis for medical and recreational purposes among 
youth, also in children suffering from Absence Seizures (ASs), it urges to clarify the role 
of the cannabinoid system in this type of common pediatric epilepsy. 

Here, we studied how cannabinoids affect ASs, using Genetic Absence Epilepsy Rats from 
Strasbourg (GAERS), an absence seizure model.  
The CB1/2 receptor agonist WIN55,512-2 (1,3, 5 mg/kg) exacerbated ASs at the highest 
dose, and this effect was blocked by pre-administration of AM251 (2 mg/kg), a CB1 
receptor antagonist. In contrast, CBD (50, 100, 200 mg/kg) had no effect on seizures. The 

block of FAHH, the endocannabinoid anandamide (AEA) catabolic enzyme, by PF-04457845 
decreased ASs when administered i.p. (1, 3 mg/kg) and injected directly in the 
ventrobasal thalamus (30 ng), a key brain region for AS. In turn, the block of MAGL, the 
endocannabinoid 2-AG catabolic enzyme, by MJN110 (1, 5 mg/kg) increased ASs. 

Our data indicate a complex and distinct role of exogenous and endocannabinoids in 

controlling ASs. While cannabis can be dangerous boosting AEA and decreasing 2-AG brain 

levels, might be a promising drug intervention for ASs. 
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IMPACT OF PERSONALITY TRAITS AND ENVIRONMENTAL FACTORS ON BRAIN AND 

BEHAVIORAL RESPONSE 

LIANA FATTORE 
CNR Neuroscience Institute-Cagliari, Italy 

liana.fattore@in.cnr.it  

Early social stress (ESI) interferes with neurodevelopmental processes and can lead to 

long-lasting emotional, cognitive, and hormonal alterations in adulthood. Communal 

nesting (CN) is a form of alloparenting in which 2 or more lactating female conspecifics 

rear their offspring within a common nest while sharing caregiving behavior from birth to 

weaning, and provides a socially stimulating environment. We investigated whether pre-

weaning ESI affects reward-related processing for natural rewards, compulsive 

tendencies, sensorimotor gating and basal corticosterone plasma levels in adolescent and 

adult male and female rats, and whether CN could reverse the impact of ESI on behavior 

and hormonal plasma levels. Findings show that both adolescent and adult rats reared in 

CN conditions showed a significantly slower acquisition and lower food self-administration 

than standard housed (SH) animals, while ESI led to a steeper curve in adulthood. During 

the maintenance period of the training, CN led to a general decrease in active responding 

in adolescence, while ESI increased responding in adolescent and adult females, an effect 

that was reversed by CN in adult females. Under a progressive ratio protocol, non-stressed 

CN animals showed lower breakpoints than SH animals, and ESI increased the breakpoint 

in all groups, but to a greatest extent in females. Notably, ESI-induced effect was reverted 

by CN. The Marble Burying test revealed an obsessive-compulsive trait in ESI adolescent 

males, an effect fully prevented by the CN condition. The Prepulse Inhibition (PPI) test 

showed lowered PPI in ESI adolescent animals, an effect that was long-lasting in males 

and reverted by CN. Finally, female rats showed higher plasma corticosterone levels, 

independently from housing and stress conditions.  
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TRAIT SENSITIVITY TO PERFORMANCE FEEDBACK DETERMINES THE TRAJECTORY OF 

ALCOHOL ADDICTION IN RATS 

Agata Cieslik, Karolina Noworyta, Joanna Solich, Agata Korlatowicz Agata Faron-

Gorecka, RAFAL RYGULA 
Maj Institute of Pharmacology Polish Academy of Sciences, Krakow, Poland. 

rygula@gmail.com 
 

In this study, we investigated the theoretical claim that sensitivity to feedback as a stable 
and enduring cognitive trait can predict subsequent vulnerability to the development of 
compulsive alcohol consumption in rats. For this, we initially tested the animals in a series 
of probabilistic reversal learning tests, and based on this “feedback sensitivity screening”, 
we classified each rat as insensitive/sensitive to negative and positive feedback. 

Subsequently, in the intermittent access two-bottle choice paradigm, we measured the 
consumption of alcohol in the animals classified as described above. In the next step, 
using the instrumental second-order chained schedule of the alcohol reinforcement task, 
we examined the influence of insensitivity/sensitivity to negative and positive feedback 

on the development of compulsive alcohol-seeking behavior. Subsequently, we also 
measured how trait sensitivity to feedback affects the extinction of alcohol-seeking and 
the reinstatement of this behavior following a period of abstinence. The behavioral studies 
were complemented by analyses of the levels of stress hormones and differences in the 
expression of potentially involved genes. The results of our study demonstrated, for the 

first time, that trait sensitivity to feedback might determine the vulnerability of rats to 
the development of compulsive alcohol seeking and propensity to extinguish alcohol-
seeking behaviors following termination of alcohol availability. They also demonstrated 
that trait sensitivity to feedback interacts with the levels of stress hormones and the 

expression of genes related to serotonergic, dopaminergic and glutamatergic 
neurotransmission. This work was supported by the Polish National Science Centre 
(Research grant 2018/31/B/NZ7/03690 to RR). 
 

IN-UTERO EXPOSURE TO CANNABIDIOL DISRUPTS SELECT EARLY-LIFE BEHAVIORS IN A 

SEX-SPECIFIC MANNER 

DANIELA IEZZI1,2,3, Alba Cacares1,2,3, Olivier J.J. Manzoni1,2,3, #* 
1INMED, INSERM U1249, Marseille, France. 

2Aix-Marseille University, France. 
3Cannalab Cannabinoids Neuroscience Research International Associated Laboratory. INSERM- Aix-Marseille 

University/Indiana University. 

daniela.iezzi@inserm.fr 

 

Cannabidiol (CBD), one of the main components of cannabis, is generally considered safe, 
despite the lack of studies on the possible consequences of its use during critical periods 
of neurodevelopment, including prenatal life. Although CBD crosses the placenta and its 

use during pregnancy is steadily increasing, the impact of gestational CBD exposure on 
early life is unknown. Here, we combined behavioral exploration and deep learning to 
assess changes in the behavioral repertoire of 1/ young 2/ adolescent and 3/ adult pups 
of both sexes exposed in-utero to low doses of CBD (3 mg/kg). The data reveal that pups 
from CBD-treated dams exhibit sex-specific alterations in weight growth, homing behavior, 

and the syllabic repertoire of ultrasonic vocalizations. In addition, we identified lasting 
cognitive alterations in these animals. In adolescence, mice exposed to CBD showed sex-
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specific changes in memory performance. Finally, gestational CBD impairs locomotor 
activity and causes stereotypic behaviors in adult CBD mice of both sexes. Taken together, 

these data show that prenatal CBD is associated with impaired innate behavioral responses 
and communication skills during early life development, as well as cognitive deficits 
throughout life. 
 

EFFECT OF SOCIAL CHOICE-INDUCED VOLUNTARY ABSTINENCE ON INCUBATION OF 
METHAMPHETAMINE CRAVING AND AMPA RECEPTOR EXPRESSION IN NUCLEUS 

ACCUMBENS CORE 

CLAUDIA MARCHETTI1,2,Ingrid Reverte1,2, Ludovica M. Rossi1,2, Ginevra D’Ottavio3, 
Jacopo Modoni2, Nicola Berretta2, Luisa Lo Iacono2,3, Rossella Miele4, Marco Venniro5, 

Aldo Badiani1, Daniele Caprioli1,2 
1 Department of Physiology and Pharmacology, Sapienza University of Rome, Rome, Italy; 

2 Santa Lucia Foundation, Rome, Italy; 
3Department of Psychology, Sapienza University of Rome, Rome, Italy; 

4 Department of Biochemical Sciences, Sapienza University of Rome, Rome, Italy;  
5 Intramural Research Program, NIDA, NIH, Baltimore, MD, USA. 

c.marchetti@uniroma1.it  

Pre-clinical studies on drug addiction and relapse often overlooked volitional social 

interactions, which are of critical importance in human addiction. Recently, it has been 
demonstrated that social choice-based voluntary abstinence in rats attenuates the 
emergence of incubation of methamphetamine (Meth) craving relative to rats subjected 
to a forced abstinence. In the current study we investigated the molecular mechanisms 
by which social choice-based voluntary abstinence prevents the incubation of craving. An 

important mechanism driving cue-induced craving from psychostimulants in forced 
abstinent rats, is the accumulation of calcium-permeable AMPA receptors (CPAMPARs) in 
the Nucleus Accumbens core. This accumulation strengthens glutamatergic transmission 
in medium-spiny neurons (MSNs) hence intensifying drug-seeking responses. Here we 

investigated whether social choice-based voluntary abstinence prevents CP-AMPAR 
accumulation in the Nucleus Accumbens core, thereby reducing the incubation of craving. 
We indeed observed that social choice-based voluntary abstinence significantly reduces 
the incubation of meth craving, however this effect was independent of the CP-AMPAR 
accumulation in the Nucleus Accumbens. Alternative plasticity mechanisms likely occur in 

parallel in the NAc during social interaction, which lead to a reduced drug-seeking in social 
voluntary rats. 
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ADOLESCENT NICOTINE EXPOSURE SHAPES ADULT DOPAMINE CIRCUITRY AND 

BEHAVIOR 

LAUREN REYNOLDS1,2, Sophie L. Fayad1,2, Claire Nguyen1,2, Thomas Topilko3, Aylin 
Gulmez1, Fabio Marti1,2, Nicolas Heck2, Nicolas Renier3, Alexandre Mourot1,2, Philippe 

Faure1,2 
1Plasticité du Cerveau CNRS UMR8249, École supérieure de physique et de chimie industrielles de la Ville 

de Paris (ESPCI Paris), Paris, France 
2Neuroscience Paris Seine CNRS UMR 8246 INSERM U1130, Institut de Biologie Paris Seine, Sorbonne 

Université, Paris, France 
3 Laboratoire de Plasticité Structurale INSERM U1127, CNRS UMR7225, Sorbonne Université, ICM Institut du 

Cerveau et de la Moelle Epinière, Paris, France. 

lauren.reynolds@espci.fr 

Mature cognitive, emotional, and motivational behaviors emerge across adolescence in 

parallel to the development of their underlying neurocircuitry. Dopamine (DA) circuity 

structure and function is shaped by experience during development, demarcating a period 

of increased vulnerability to environmental insult. The adolescent initiation of drug use, 

in particular, is associated with an increased risk of later developing psychopathologies 

linked with DA dysfunction. This may be especially true for nicotine, as up to 90% of adult 

smokers began as adolescents. Nicotine produces both reinforcing and anxiogenic effects, 

which rely on distinct DA pathways: the activation of DA neurons projecting to the nucleus 

accumbens (NAc) produces reinforcement, whereas the simultaneous inhibition of 

amygdala (AMG)-projecting DA neurons produces anxiety-like behavior. How experience 

with nicotine in adolescence modulates later response to the drug remains poorly 

understood, with its anxiogenic effects particularly unexplored. We found that the 

anxiogenic response to an acute nicotine injection is abolished in adult mice pre-exposed 

to nicotine in adolescence, but not those pre-exposed in adulthood. This reduction in 

anxiogenic response is also associated with an increase in nicotine consumption, 

suggesting that these behavioural changes may be linked to increased addiction 

vulnerability following nicotine in adolescence. Brain-wide activity mapping and single-

unit recordings from distinct DA neuron populations identified functional changes within 

DAergic pathways in adult mice exposed to nicotine in adolescence. Together, our results 

highlight how diverse DA pathways can be impacted by experience in adolescence, and 

further suggest that developmentally induced “imbalance” of these pathways may alter 

vulnerability profiles for later DA-dependent psychopathologies. 
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P18 THE ROLE OF CENTRAL AMYGDALA GABA TRANSPORTER GAT-3 IN ADDICTION-

LIKE STATE TO COCAINE IN MALE AND FEMALE WISTAR RATS. 

ASMAE LGUENSAT, Gaëlle Augier, Eric Augier 

Center for Social and Affective Neuroscience, BKV, Linköping University, Linköping, 581 83, Sweden 

asmae.lguensat@liu.se 

Cocaine is one of the most abused substances and cocaine use disorder (CUD) is 

characterized by escalating levels of drug intake. Despite the availability of many animal 
models of CUD, little is known about the neurobiological substrates underlying the 
transition to pathological use. The central amygdala (CeA) is amongst the substrates 
mediating the transition to compulsive drug use. In particular, decreased expression of 

the GABA transporter GAT-3 within the CeA was shown to be causal for addiction-like state 
to alcohol but no data is available about the role of GAT-3 in CUD. 
This study investigated whether GAT-3 function is impaired in the CeA of a rat model of 
CUD and whether experimentally inhibiting the function of GAT-3 in the CeA would 
promote the emergence of addiction-like behaviors in rats. Using intravenous operant self-

administration, we gave rats an extended access to cocaine, which promoted the 
escalation of their intake, and found that GAT-3 expression in the CeA was down-
regulated. We then investigated the functional role of GAT-3 in both male and female rats 
using viral vector injections targeting CeA (shRNA targeting Slc6a11: the gene coding for 

GAT-3 or a scrambled control). We demonstrated that GAT-3 knockdown animals under 
short access escalated their cocaine intake, produced enormous efforts to get cocaine 
injections and showed higher craving levels. 
These findings may help advance the current knowledge about the neural substrates of 
cocaine addiction. They also indicate that GABAergic transmission in the CeA may be 

relevant target for developing new pharmacotherapies to treat CUD. 
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P19 EXAMINING THE ROLE OF DOPAMINE D2 RECEPTOR AND DOPAMINE 

TRANSPORTER GENES REGULATION IN BINGE EATING 

FRANCESCA MERCANTE1, Maria Vittoria Micioni Di Bonaventura2, Carlo Cifani2, Marianna 
Rania3, Cristina Segura-Garcia3,4, Peter Swoboda5, Claudio D’Addario1,6, Mariangela 

Pucci1,5 
1

Faculty of Bioscience and Technology for Food, Agriculture and Environment, University of Teramo, 
Teramo, Italy 

2Pharmacology Unit, School of Pharmacy, University of Camerino, Camerino (MC), Italy. 
3Center for Clinical Research and Treatment of Eating Disorders, University Hospital Mater Domini, 

Catanzaro, Italy 
4Department of Medical and Surgical Sciences, University Magna Graecia of Catanzaro, Catanzaro, Italy. 

5Department of Bioscience and Nutrition, Karolinska Institute, Huddinge, Sweden 
6Department of Clinical Neuroscience, Karolinska Institutet, Stockholm, Sweden 

fmercante@unite.it 

 
Binge Eating disorder (BED) is clinically comorbid and shares many characteristics with 
classical substance use disorders, such as loss of control despite knowledge of adverse 

consequences. Preclinical and clinical studies, focused on the neurochemical regulation 
of reward-related signalling pathways evoked by binge eating, suggest alterations in 
dopaminergic system. 
In this study, we first investigated the genetic and epigenetic contribution of dopamine 

transporter (DAT) and dopamine D2 receptor (DRD2) genes in saliva samples of patients 
suffering from BED and Bulimia Nervosa (BN). We analysed the DNA methylation levels at 
gene promoters, and we observed a significant hypomethylation of selective CpG sites for 
both genes (respectively 1 CpG site for DRD2 and 2 CpG sites for DAT) respect to controls. 
In addition, studying Caenorhabditis elegans feeding behaviours, we have been able to 

suggest the nematode as a possible model resembling binge eating behaviours when 
worms are subjected to starvation and stressful procedures. Of relevance, and somehow 
consistently with our human results, we observed that the altered food intake occurring 
in wild type nematodes was reverted in worms where it was induced a loss of function of 

the two genes ortholog of human DAT and DRD2 (dat-1 and dop-2, respectively). 
These findings highlight an important evolutionarily conserved role of dopaminergic 
system genes in binge eating behaviour and their epigenetic modulation in BED is of 
relevance in order to suggest possible biomarkers and new targets to treat this disorder. 
 

P20 THE EFFECT OF NICOTINAMIDE MONONUCLEOTIDE ON ALCOHOL SEEKING 

BEHAVIOR IN MALE WISTAR RATS 

AKSELI SURAKKA, Francesco Giannone, Netsanet Belay, Rainer Spanagel 
Institute of Psychopharmacology, CIMH, Mannheim, Germany 

akseli.surakka@zi-mannheim.de 

Interventions for excessive alcohol use are in significant need as alcohol-related problems 

account for about five percent of global disease burden. Nicotinamide mononucleotide 

(NMN) is the nicotinamide adenine dinucleotide (NAD+) precursor that has been suggested 

in anecdotal reports and case studies as a treatment for relapse of alcohol. However, the 
empirical effects of NMN on alcohol seeking behavior remain elusive. Hence, we aimed to 

investigate the effects of systemic NMN administration during extinction training on 

alcohol-seeking behaviors. Furthermore, we investigated the effects of NMN on the 

motivational properties of alcohol and locomotor activity. We trained male Wistar rats to 
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self-administer alcohol (10% w/v) or water across 20 sessions (10 each). Rats received i.p. 

NMN injections (300mg/kg) 30 minutes prior to extinction sessions during which locomotor 

activity was also assessed. Next, rats were tested for cue-induced reinstatement and two 

weeks after retraining for NMN-primed reinstatement. Last, we tested rats in the 

progressive ratio test. NMN administration prior to extinction sessions attenuated lever 

pressing during extinction sessions. However, NMN administered across extinction training 
did not lead to changes in cue-induced reinstatement but did reduce lever pressing during 

ethanol-primed reinstatement. NMN administration prior to the progressive ratio reduced 

lever pressing for the alcohol lever. NMN had no effect on locomotion. We are currently 

performing more experiments to establish a dose response curve on NMNs effects on 

alcohol seeking behavior. Our results suggest NMN administered at 300mg/kg influences 

alcohol-seeking behavior in a manner similar to previous reports in cases studies. 

 

P21 THE INFLUENCE OF DESIRE THINKING ON MEMORY RECONSOLIDATION 

LORENZO MATTIONIa, Marcantonio M. Spadab, Francesca Ferria, Carlo Sestieria 
aDepartment of Neuroscience, Imaging and Clinical Sciences - and ITAB, Institute for Advanced Biomedical 

Technologies, G. d’Annunzio University, Chieti, Italy. 
bSchool of Applied Sciences, London South Bank University, London, UK.  

lorenzo.mattioni@unich.it 

Craving is a core component of addiction. Cognitive models emphasize the role of higher-
order cognitive functioning in activating and exacerbating craving. An example is the 
desire thinking, that is the voluntary verbal and imaginal elaboration of the desired 
target. In this study, we speculate that desire thinking maintains addiction by reinforcing 
the long-term association between the desired object and contextual information. To 

test this hypothesis, we asked two groups of smokers to undertake a guided imagination 
session: one group about the experience of smoking and the other about a neutral 
content. Then, both groups were instructed to learn associations between neutral words 
and pictures representing either smoking-related (i.e. cigarettes) or non-smoking-related 

(i.e. crayons) objects. Finally,both groups were tested with two cued recall memory 
tests, one on the day of the association training and the other the following day. The 
results indicated that only the group which undertook desire thinking showed a significant 
improvement in the second memory test, and specifically for words associated with 
cigarettes. Therefore, desire-thinking specifically reinforced the long-term association 

between the desired object (smoking-related) and contextual information (neutral 
words). Our study underlines the importance of accounting for high-level cognitive 
construct in the conceptualization of addiction disorders. 
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Transcranial Magnetic Stimulation in the Study and Treatment 

of Addiction 

 

BRAIN STIMULATION FOR ADDICTION: INSIGHTS AND CHALLENGES IN PRECLINICAL 

MODELS 

JESSICA MORETTI, Jennifer Rodger 

Perron Institute for Neurological and Translational Science, Perth, Western Australia, and 

University of Western Australia, Perth, Western Australia, Australia. 

Jessica.moretti@research.uwa.edu.au  

Repetitive transcranial magnetic stimulation (rTMS), a non-invasive form of brain 

stimulation, is used in the clinic to promote healthy brain function and is an experimental 

therapy for addiction. Research and treatment in human volunteers and patients suggest 

it works by harnessing endogenous mechanisms of plasticity to alter connectivity and 

function. However, a significant challenge in the field is that outcomes are variable both 

within and between individuals, suggesting that treatment protocols remain suboptimal. 

This is underpinned by a lack of fundamental mechanistic understanding of rTMS, and very 

little systematic preclinical evaluation of protocols.  

My lab has developed custom rTMS devices for stimulation of the rodent brain in order to 

better understand the cellular and molecular mechanisms of rTMS. We have demonstrated 

frequency-dependent changes in intracellular calcium levels in neurons and glial cells 

during stimulation. These calcium changes are associated with changes in gene expression, 

neurotransmitter levels and neuronal excitability, which likely contribute to the large-

scale circuit reorganisation and improvement in behavioural function we report in some, 

but not all, disease models. We have also found evidence for interactions between rTMS 

and endogenous brain activity that may contribute to the individual variability described 

in humans. Our recent work using resting state fMRI in rodents indicates analogous changes 

in rodents and humans following rTMS, suggesting that despite significant differences in 

brain size and morphology, preclinical studies have translational relevance and may play 

a useful role in the development of brain stimulation protocols tailored to the disorder 

and/or patient. 
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PRELIMINARY STUDIES OF REPETITIVE TRANSCRANIAL MAGNETIC STIMULATION (RTMS) 

FOR CANNABIS USE IN SCHIZOPHRENIA  

TONY P. GEORGE 1,2, Darby J.E. Lowe1, Marcos Sanches1, Samantha Johnstone1, Maryam 

Sorkhou1, Karolina Kozak Bidzinski1, David J. Castle, MRCPsych, FRANZCP 1,2, Rachel A. 

Rabin3 

1Addictions Division and Centre for Complex Mental Illness, Centre for Addition and Mental Health (CAMH); 
2Division of Basic Neuroscience and Clinical Translation, Department of Psychiatry, University of Toronto; 
Toronto, Ontario, Canada; 3Douglas Hospital and Department of Psychiatry, McGill University, Montreal, 

QC Canada. 

tony.george@camh.ca 

Rates of problematic cannabis use in schizophrenia are high, with ~25% diagnosed with 

cannabis use disorder (CUD), compared to ~3% in the general population, which negatively 

impacts psychosocial functioning. These patients have greater difficulty quitting cannabis 

that may reflect putative deficits in the dorsolateral prefrontal cortex (DLPFC), which 

may constitute a target for treatment development. Neuromodulatory treatments such as 

repetitive transcranial magnetic stimulation (rTMS) warrant consideration for this co-

morbidity.  Our primary objective determined effects of active versus sham high-

frequency (20-Hz) rTMS applied to bilateral DLPFC on cannabis use in outpatients with 

schizophrenia and CUD. Secondary outcomes included cannabis craving/withdrawal, 

psychiatric symptoms, and cognitive function. We also used exploratory moderation 

analyses to determine the effects of cognitive function in the effects of rTMS on cannabis 

use in these subjects. 

We conducted a preliminary double-blind, sham-controlled randomized rTMS trial 

enrolling N=24 outpatients. Nineteen participants were randomized to receive active (n=9) 

or sham (n=10) rTMS (20-Hz) 5x/week for 4 weeks. Cannabis use and psychotic symptoms 

were monitored twice weekly. A cognitive battery was administered pre- and post-

treatment.  

No significant differences in cannabis use between active and sham treatments were 

found; however, contrast estimates indicated greater reductions (~60%) in the active 

group (GPD: Estimate=0.33, p=0.21). A trend toward greater reduction in craving over 

time was found in active vs. sham (Estimate=3.92, p=0.06). Reductions in PANSS positive 

(Estimate=2.42, p=0.02) and total (Estimate=5.03, p=0.02) symptoms were found in active 

vs. sham groups. rTMS improved sustained attention (Estimate=6.58, p<0.05), and 

suppressed increased tobacco use that was associated with cannabis reductions 

(Treatment x Time: p=0.01). Moreover, mediation analyses did not support a role for 

cognitive function as a mediator of the effects of rTMS on cannabis use, but the analysis 

was underpowered to conduct these analyses. rTMS was safe and well-tolerated with high 

treatment retention (>90%).  

Our preliminary findings suggest that rTMS applied to bilateral DLPFC is safe and 

potentially efficacious for treating CUD in schizophrenia, but that these effects are not 

likely mediated by changes in cognitive function. Further evaluation of neuromodulation 

methods to address co-occurring psychosis and addiction by targeting DLPFC dysfunction 

associated with schizophrenia is suggested using large samples. 
Supported in part by a CIHR Pre-Doctoral Fellowship to Dr. Bidzinski, and NIDA grant R21-DA-043949 to Dr. 

George. 
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ITBS OF THE BILATERAL PFCX IN COCAINE DEPENDENCE 

1ANGELA SANNA, 2Paola Badas, 2Giorgio Corona, 2Valentina Bini,  3Marco Diana 
1UOC Neurologia Riabilitativa, PO SS Trinità, ASL Cagliari, Via Is Mirrionis, 92, 09121 Cagliari, Italy 

2rTMS Italia, via Tonale 15, Cagliari, 09122, Italy 
3’G. Minardi’ Laboratory of Cognitive Neuroscience, Department of Chemical, Physical, Mathematical and 

Biological Sciences, University of Sassari, via Muroni 23, 07100, Italy 
angelasanna72@gmail.com  

 
Cocaine use disorder (CUD) is a chronic, relapsing-remitting disease with high prevalence 
worldwide. Among the non-pharmacological therapies for addiction and CUD, repetitive 
transcranial magnetic stimulation (rTMS) has shown therapeutic potential, but the 

heterogeneity of stimulation parameters among different studies has hindered a 
standardization of protocols suitable for use in clinical practice.  Here we present our data 
on the short and long-term efficacy in CUD of bilateral stimulation of the prefrontal cortex 
with a patterned protocol of rTMS, intermittent theta burst stimulation (iTBS), which is 

thought to induce its long-lasting effects by influencing Hebbian plasticity. We discuss the 
potential benefits of bilateral stimulation of the prefrontal cortex according to the 
hypodopaminergic hypothesis which states that a blunted dopamine transmission occurs 
in addiction to different drugs; we also underline the importance of maintenance 

treatment in the therapy of addiction which may help to decrease drop-out rates, improve 

abstinence and prevent relapse.  

 

EVALUATING ITBS AS A TREATMENT FOR COCAINE USE DISORDER 

BETTY JO SALMERON1, Vaughn R. Steele2, Elliot A. Stein1 
1Neuroimaging Research Branch, NIDA-IRP, Baltimore, MD, USA 

2Yale School of Medicine, Department of Psychiatry, New Haven, CN, USA 

bsalmeron@mail.nih.gov 

In phase I of evaluating left DLPFC iTBS as a treatment for cocaine use disorder (CUD), the 

safety and feasibility of 3 iTBS sessions/day 5 d/wk (600 pulses, ~3 minutes, 1 hour 

between sessions) for two weeks was assessed in an open-label study in active, non-

treatment seeking CUD participants, who were instructed to actively resist cue-induced 

craving during iTBS.  Follow-up evaluations were at one- and four-weeks post treatment. 

Nine of fourteen individuals who initiated treatment completed 26+ of 30 sessions and the 

four-week follow-up visit. Participants were cocaine positive on 73% of the treatment 

days. Cocaine consumption was reduced 78% in dollars/week and 70% in days of use. 

Participants also reduced nicotine, alcohol and THC use. Mild headaches were common, 

and a single participant experienced a transient hand tremor of unclear etiology on day 9 

and a brief cocaine-induced psychosis two weeks after discontinuation of treatment. 

Based on these results, a double-blind, sham-controlled trial of iTBS as an adjunct to 

contingency management (CM) was initiated with extensive fMRI imaging at baseline, 

before and after the first day of treatment (three sessions), two weeks and eleven weeks 

after treatment at which point CM ends and follow-up continues for three months. Healthy 

controls complete the first treatment day twice with imaging before and after, once with 

real and once with sham iTBS (double-blinded) to assess acute effects of iTBS on various 

fMRI measures.  
Supported by NIDA-IRP 
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MEDIAL PREFRONTAL CORTEX THETA BURST STIMULATION IMPROVES TREATMENT 

OUTCOMES IN ALCOHOL USE DISORDERS 

COLLEEN A. HANLON 
Department of Cancer Biology, Wake Forest School of Medicine, Winston-Salem NC USA. 

chanlon@wakehealth.edu  

Among treatment-seeking individuals with Alcohol Use Disorder (AUD), elevated reactivity 

to alcohol related cues is one of the key precipitants of relapse. Several small studies have 

suggested that it is possible to dampen alcohol cue reactivity in these individuals through 

non-invasive theta burst stimulation (TBS) to the medial prefrontal cortex (MPFC). The 

goal of this clinical trial was to evaluate the effect of MPFC TBS as a tool to decrease 

drinking behavior and brain reactivity to alcohol cues among individuals with AUD.  

Fifty treatment-seeking individuals with AUD were recruited from an intensive outpatient 

treatment program. Using a randomized double-blind sham-controlled design, participants 

received 10 sessions of continuous TBS (left frontal pole; 1 session/10days; 110% RMT, 

3600 pulse/session, cue-provocation prior and during session). Brain reactivity to alcohol 

cues was acquired at 4 timepoints: Baseline, after all TBS sessions (1 month), 2 months, 

and 3 months. 

80% of the participants completed all TBS sessions. Individuals that received real TBS were 

2.71 times more likely to remain enrolled in the study after 3 months and 3.09 times more 

likely to remain sober 3 months after treatment initiation. Real TBS also led to a 

significantly greater reduction in brain reactivity to alcohol cues – specifically a reduction 

in MPFC-striatum and MPFC-insula connectivity 2 and 3 months after TBS treatment.   

10 days of MPFC TBS is well tolerated, reduces drinking, and decreases brain reactivity to 

alcohol cues for up to three months after treatment initiation. These results pave a critical 

next step in the path towards developing TMS as an intervention for AUD and disorders 

associated with elevated cue reactivity.  
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Perinatal to adolescent sensitive periods of vulnerability to 

cannabis 

 

CANNABIS AND ADOLESCENCE: A DANGEROUS RELATIONSHIP FOR BRAIN MATURATION 

TIZIANA RUBINO 
Department of Biotechnology and Life Sciences, Università dell’Insubria, Busto Arsizio (VA), Italy. 

tiziana.rubino@uninsubria.it 

Adolescence is an important period of transition in life, characterized by deep 
transformations in brain structure and functionality. Many studies have demonstrated the 
critical role played by the endocannabinoid system (ECS) during this period and how the 

administration of cannabinoids during adolescence can disrupt the trajectory of the brain 
developmental processes. However, all studies analyzed processes related to neurons. 
Another fundamental maturational step of the adolescent brain is represented by 
increased myelination, which can greatly improve brain transmission. 
Since the involvement of the ECS in adolescent myelination remains completely unknown, 

we investigated the effect of CB1 receptor blockade on myelination process in the 
prefrontal cortex of adolescent rats. To this aim, the adolescent developmental window 
(from PND 28 to 52) was divided into five sub-periods of five days each. Sprague-Dawley 
female rats of each subgroups received daily injections with the selective CB1 receptor 

antagonist AM251 (0.5 mg/kg, i.p.) or its vehicle. At the end of the treatment, we 
measured MBP and MOG levels, two of the main white matter markers. Moreover, since 
attenuated developmental frontostriatal myelination trajectories have been recently 
associated with the presence of impulsivity traits in adolescents, we decided to 
investigate if any correlation exists between impulsivity and the development of white 

matter in our animal model and how the blockade of ECS functionality can impact on it. 
Our results show the relevance of the ECS in adolescent brain myelination and how 
alterations in this process may be associated with impulsive-like behavior.  
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ADVERSE EFFECTS OF THC ON NEURONAL METABOLISM DURING POSTNATAL 

DEVELOPMENT 

ERIK KEIMPEMA 
Department of Molecular Neuroscience Center for Brain Research, Medical University of Vienna, Vienna, 

Austria. 

erik.keimpema@meduniwien.ac.at  

Cannabis legalization prompted the dilemma if plant-derived recreational drugs can have 
therapeutic potential and, consequently, how to address their regulation and safe 
distribution. In parallel, the steady worldwide decriminalization of cannabis and the 
enhanced content of its main psychoactive compound Δ9-tetrahydrocannabinol (THC), 
exposes populations to increasing amounts of cannabis and THC across all ages. While 

adverse effects of cannabis during critical stages of fetal neurodevelopment are studied, 
the impact of THC on the developing infant brain are less understood. By using transgenic 
models, iTRAQ proteomics, high-resolution microscopy and live cell imaging, we 
monitored postnatal hippocampal development during THC exposure. We find that THC 

indiscriminately affects pyramidal cells and interneurons by postnatal day 16. THC 
particularly disrupted the expression of mitochondrial proteins, a change that had 
persisted even 4 months after the end of drug exposure. Conversely, we find an increase 
in astroglia cells in specific hippocampal layers, independent of cell proliferation, 
suggestive of a possible protective response to shield pyramidal neurons and their neurite 

extensions from pathological damage. Indeed, the presence of low numbers of astroglia 
in neuronal cultures prevented THC induced cell death and neurite retraction. Thus, we 
find a complex physiological response to postnatal THC exposure resulting in long-lasting 

changes well into adulthood. 

 

PRENATAL THC EXPOSURE PROMOTES ABERRANT REWARD SEEKING, EXACERBATED 

DOPAMINERGIC ENCODING OF REWARD-PREDICTIVE CUES AND TRANSCRIPTOMIC 

ALTERATIONS IN THE MIDBRAIN OF ADULT RATS 

MIGUEL LUJAN, Reana Young-Morrison, Cali Calarco, Basu Mahasweta, Sonia Aroni, Kate 

Peters, Megan E. Fox, Seth Ament, Gautam Kumar, Miriam Melis, Mary K. Lobo, Joseph 

F. Cheer 
University of Maryland, Baltimore, MD, USA. 

MLujan@som.umaryland.edu 

Marijuana is the most common illicit drug used by pregnant women and is associated with 

offspring’s attention and learning deficits from early childhood until later in life. Previous 

research has identified midbrain dopaminergic neuronal alterations related to in utero 

exposure to THC. However, the effect of prenatal cannabis exposure (PCE) on future 

impairments of motivational processing in adulthood has not been specifically addressed.  

In order to address this, we conducted a behavioral characterization of addition-like 

endophenotypes in PCE rats trained to obtain food (palatable pellets) and opioid 

(remifentanil) rewards. In utero cannabis exposure increased total food and opioid 

consumption, breaking points in a progressive ratio task as well as the intrinsic 

motivational value of both rewards under an economical demand task. Inhibitory motor 

control measures reported that PCE rats present higher impulsivity. In vivo fiber 

photometry dopamine recordings unveiled increased dopaminergic encoding of reward-
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predictive cues in the NAc, which was accompanied by a facilitation of cue-induced 

reinstatement of remifentanil-seeking behavior. Furthermore, the addition of sex as a co-

variate revealed that male rats were more vulnerable to the effects of prenatal cannabis 

exposure. To explore the origin of such maladaptations, we conducted transcriptomic 

analyses (RNA-seq) in VTA, NAc and mPFC brain samples of PCE adult rats. Weighted Gene 

Co-expression Network (WGCNA), Differential Gene Expression (DGE) and Gene Ontology 

(GO) analyses all identified single-gene and network-wide alterations of VTA 

mitochondrial function related to PCE, reporting similar sex-dependent effects than the 

behavioral experiments.  

Altogether, our results suggests that prenatal cannabis exposure is inducing an aberrant 

reward-seeking phenotype with excessive encoding of opioid and natural rewards that is 

accompanied by long-lasting, transcriptomic alterations in midbrain’s mitochondrial 

function. 

 

 

THE NEURODEVELOPMENTAL IMPACTS OF MATERNAL CANNABIS VAPOUR EXPOSURE 

MATTHEW HILL 

University of Calgary, Calgary, Canada 
mnhill@ucalgary.ca  

 

ABSTRACT NA 
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P22 SOCIAL ENRICHMENT DURING EARLY LIFE ATTENUATES SPECIFIC BEHAVIORAL 

ALTERATIONS INDUCED BY EARLY LIFE STRESS IN AN AGE- AND SEX-DEPENDENT 

MANNER 

JESSICA BRATZU1, Maria Ciscato1, Fabrizio Sanna2, Augusta Pisanu1, Patrizia Porcu1, 

Liana Fattore1 

1CNR Neuroscience Institute, Cagliari and 2University of Cagliari, Italy 

j.bratzu@in.cnr.it 

Early social stress (ESI) interferes with neurodevelopmental processes and can lead to 
long-lasting emotional, cognitive, and hormonal alterations in adolescent and adulthood. 
Communal nesting (CN) provides a socially stimulating environment, which was shown to 
affect social and anxiety-like behaviors.  

This study investigates whether the postnatal rearing conditions could affect reward-
related processing for natural rewards, compulsive tendencies, sensorimotor gating and 
corticosterone levels in adolescence and adult rats of both sexes. 
The results obtained in a paradigm of food self-administration showed that adolescent and 

adult rats reared in standard (SH) condition showed a greater propensity for natural 
reward compared to CN condition, and this effect is highlighted in the ESI condition 
although to a different extent in the two sexes. Notably, ESI-induced effect was reverted 
by CN condition. In the marble burying test, differences were noted only in adolescent 
males, with an increase in the number of marbles buried by SH-ESI rats vs SH-not isolated 

(control) group. Moreover, ESI reduced % prepulse inhibition (PPI) in adolescent SH rats, 
an effect that in males was long-lasting and reverted by CN. Finally, female rats showed 
higher plasma corticosterone levels, independently from housing and stress conditions. 
Altogether, our findings indicate that early life social isolation and communal nesting have 

long-lasting effects on sensorimotor gating, reward-seeking, and compulsive-like 
behaviors, with males and females showing different vulnerabilities in these domains. 
Specifically, we demonstrated for the first time that a socially enriched condition may 
play a “protective” role toward early stress-induced reward-related responses, emotional 

changes and cognitive deficit.  

Project funded by MIUR-PRIN, Italy. 
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P23 LOW INTENSITY REPETITIVE TRANSCRANIAL MAGNETIC STIMULATION 

MODULATES BRAIN-WIDE FUNCTIONAL CONNECTIVITY TO PROMOTE ANTI-
CORRELATED ACTIVITY 

 

JESSICA MORETTI1,2, Dylan J. Terstege3, Eugenia Z. Poh1,2, Jonathan Epp3, Jennifer 
Rodger1,2 

1School of Biological Sciences, University of Western Australia, Perth, Australia 
2Perron Institute for Neurological and Translational Science, Perth, Australia 

3Hotchkiss Brain Institute, Cumming School of Medicine, University of Calgary, Alberta, Canada 
jessica.moretti@research.uwa.edu.au 

Repetitive transcranial magnetic stimulation (rTMS) is a form of brain stimulation used to 
treat various neurological conditions, including addiction. rTMS induces action potentials 
to induce plastic changes in the brain with increasing evidence for the therapeutic 

importance of brain-wide functional network effects; however, the influence of sub-
action potential threshold (low-intensity; LI-) rTMS on neuronal activity is largely 
unknown. We investigated whether LI-rTMS modulates neuronal activity and functional 
connectivity. We also specifically assessed modulation of parvalbumin interneuron 
activity. 

We conducted a brain-wide analysis of c-Fos immunofluorescence, a marker for neuronal 
activity, in mice that received LI-rTMS to visual cortex. Mice received single or multiple 
sessions of excitatory 10Hz LI-rTMS with custom rodent coils or were sham controls. We 
assessed changes to c-Fos positive cell densities and c-Fos/parvalbumin co-expression. We 

also assessed functional connectivity changes using brain-wide c-Fos-based network 
analysis. 
LI-rTMS modulated c-Fos expression in cortical and subcortical regions. c-Fos density 
changes were most prevalent with acute stimulation, however chronic stimulation 

decreased parvalbumin interneuron activity, most prominently in the amygdala and 
striatum. LI-rTMS also increased anti-correlated functional connectivity, with the most 
prominent effects also in the amygdala and striatum following chronic stimulation. 
LI-rTMS induces changes in c-Fos expression that suggest modulation of neuronal activity 
and functional connectivity throughout the brain. Our results suggest that LI -rTMS 

promotes anticorrelated functional connectivity, possibly due to decreased parvalbumin 
interneuron activation induced by chronic stimulation. These changes may underpin 
therapeutic rTMS effects, therefore modulation of subcortical activity supports rTMS for 
treatment of disorders involving subcortical dysregulation. 

 

P24 N-OLEOYL GLYCINE AND ITS DERIVATIVES ATTENUATE THE ACQUISITION AND 

EXPRESSION OF COCAINE-INDUCED BEHAVIOURS 

SAMAH SHAHEN-ZOABI, Reem Smoum, Tehila Beiser, Alina Nemirovski, Raphael 
Mechoulam, and Rami Yaka 

Institute for Drug Research (IDR), School of Pharmacy, Faculty of Medicine, The Hebrew University of 
Jerusalem, Jerusalem, 91120, Israel. 

samah.shaen@mail.huji.ac.il 

The endocannabinoid system (ECS) plays a key modulatory role during synaptic plasticity 

and homeostatic processes in the brain and plays an important role in the neurobiological 
processes underlying drug addiction. Impaired endocannabinoid (eCB) signaling 
contributes to dysregulated synaptic plasticity, increased stress responsivity, and craving 

mailto:jessica.moretti@research.uwa.edu.au
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that propel addiction. Therefore, we hypothesized that boosting the ECS by exogenous 
administration of selective eCBs will attenuate cocaine-induced behaviors. 

The behavioral paradigms included psychomotor sensitization (PS) and conditioned place 
preference (CPP). Liquid chromatography-mass spectrometry analysis was used for 
quantitative profiling of eCBs in mouse brain. 
We first measured the levels of eCBs in different brain areas of the reward system 
following chronic cocaine treatment. We found that following daily administration of 

cocaine, the levels of N-oleoyl glycine (OlGly) were significantly elevated in the nucleus 
accumbens (NAc) in a region-specific manner. We next tested whether administration of 
OlGly will attenuate cocaine-induced behaviors. We found that administration of OlGly 
during withdrawal, but not during acquisition of PS, attenuated the expression of cocaine 

sensitization. In addition, the administration of OlGly during the acquisition of cocaine 
CPP, but not during withdrawal, attenuated the expression of cocaine-conditioned 
reward. To enhance the stability of OlGly and its duration of action, two methylated 
derivatives of OlGly were synthesized, the monomethylated OlGly (HU-595) and 
dimethylated OlGly (HU-596). We found that the effect of administration of HU-595 or 

HU-596 during cocaine conditioning did not differ from the OlGly-induced decrease in the 
expression of CPP. 
Our findings suggest that the ECS is involved in the common neurobiological mechanisms 
underlying the development and expression of cocaine reward and drug seeking. Boosting 

the ECS exogenously has beneficial effects against cocaine-induced behaviors. 

 

P25 LONG-TERM CONSEQUENCES OF CHRONIC “LIGHT CANNABIS” CONSUMPTION 

DURING ADOLESCENCE: A COMPARISON STUDY WITH PURE THC AND A HIGH 

THC/LOW CBD COMBINATION IN RATS 

GABAGLIO MARINA1, Zamberletti Erica1, Manenti Cristina1, Parolaro Daniela2, Rubino 
Tiziana1 

1Dept. of Biotechnology and Life Sciences, University of Insubria, Varese, IT; 2Zardi-Gori 

Foundation, Milan, IT 

 
The detrimental effects of cannabis use on adolescent brain development are strongly 

age- and sex- dependent. Beside age and sex, another factor that might modulate the 
effects of cannabis on the adolescent brain is the THC:CBD ratio in the plant. The use of 
cannabis with similar THC and CBD contents is associated with fewer side effects as 
compared to high-potency cannabis. Based on this observation, "light cannabis" has been 
marketed and it is perceived as harmless in the lack of any preclinical evidence in support 

of its safety, especially among adolescents. 
Here, we investigated the effects of chronic “light cannabis” (THC:CBD=1:33) and a high 
THC/low CBD combination (THC:CBD=3:1) with respect to pure THC in adolescent female 
rats. At adulthood, short-term memory, social behavior, passive coping behavior, 

anhedonia and anxiety were evaluated. 
Adolescent THC treatment increases the time spent in immobility in the forced swim test 
and reduces the active social behaviors in the social interaction test, which were dose-
dependently attenuated by CBD. THC also reduces the time spent in open arms in the 
elevated plus maze test and this phenotype is not present after administration of 

THC:CBD in ratios 3:1 and 1:33. Finally, pure THC induces short-term memory deficits 
and anhedonia in adult rats. These effects are still present after administration of 
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THC:CBD in ratios 3:1 and 1:33. 
Hence, CBD modulates some but not all the long-term behavioral alterations triggered by 

adolescent THC exposure. In particular, CBD prevents most depressive- and anxiety-like 
behaviors but fails to attenuate cognitive deficits and anhedonia. 
 

P26 CONSTITUTIVE H-RAS ACTIVITY IN MICE RESULTS IN ALTERATIONS IN 

COCAINE SENSITIZATION AND SELF-ADMINISTRATION 

Veronika Pohořalá, Macarena González Portilla, Rainer Spanagel, RICK E. BERNARDI  

Institute of Psychopharmacology, Central Institute of Mental Health, Medical Faculty 

Mannheim/University of Heidelberg, Mannheim 68159, DE 

Acute exposure to drugs of abuse activates a variety of intracellular pathways, and 

following repeated exposure, persistent changes in these pathways may contribute to 

drug dependence The MAPK/ERK signaling cascade has been implicated in the short 

and long term effects of various drugs of abuse, including cocaine, by activating 

downstream signaling and subsequent gene expression Interestingly, the Ras family of 

small GTPases that serve as key upstream mediators of ERK phosphorylation, has not 

been extensively examined in drug related behaviors We previously demonstrated that 

RasGRF 2 KO mice, which lack one of the guanine nucleotide exchange factors (GEF) 

that controls the cycling of Ras isoforms between an inactive GDP bound state and an 

active GTP bound state, demonstrated increased cocaine self administration, likely 

due to reduced cocaine reward and a compensatory increase in cocaine intake Here 

we examined several cocaine behaviors, including sensitization, conditioned place 

preference, and self administration in synRAS mice, which show constitutive activity 

of H Ras the predominant Ras isoform in adult neurons Interestingly, synRas mice 

demonstrate impaired cocaine sensitization, as well as a reduction in cocaine self 

administration, an effect opposite to that in RasGRF 2 KO mice These findings further 

implicate the Ras ERK pathway in cocaine reinforcement, and suggest that persistent 

changes in the Ras ERK signaling may play a role in the development of cocaine use 

disorder. 
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The pharmacology of NPS, a new global threat 

 

NEWS FROM THE JUSTSO PROJECT: OVERVIEW OF NOVEL SYNTHETIC OPIOIDS 

MARIA PAOLA CASTELLI 
Department of Biomedical Sciences, University of Cagliari, Cagliari, Italy. 

castelli@unica.it 

 

Recent trends of opioid abuse and related fatalities have highlighted the critical role of 
Novel Synthetic Opioids (NSOs), a class of psychoactive substances that can be up to 
10,000 times more potent than heroin. NSOs have been used to adulterate heroin, often 
taken by subjects made dependent on opioid pain killers. The JUSTSO Project involved 10 

European partners from Italy, Spain, Greece, Latvia, and Germany and was aimed at 
characterizing NSOs.  
During JUSTSO, we focused our studies on the µ-opioid-like properties of nitazenes, such 
as isotonitazene (ITZ), metonitazene (MTZ), and of piperidylthiambutene (PTB) using 
different approaches. In vitro studies showed that ITZ and MTZ displayed a higher potency 

in both rat membrane homogenates and CHO-MOR than DAMGO, with no difference in 
maximal efficacy (Emax) between DAMGO and NSOs. ITZ also has higher affinity at the 
MOR than DAMGO in both systems, whilst MTZ has higher affinity in CHO-MOR and similar 
affinity in rat cerebral cortex. PTB showed lower affinity and potency than DAMGO. In 

vivo, ITZ displayed higher analgesic potency than fentanyl and morphine; ITZ (0.01 mg/kg 
iv) and MTZ (0.03 mg/kg iv) reduced behavioral activity and increased dialysate dopamine 
(DA) in the NAc shell. Notably, ITZ elicited an increase in DA comparable to that of higher 
dose of morphine (1 mg/kg iv), but higher than the same dose of fentanyl (0.01 mg/kg iv). 

mailto:castelli@unica.it
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In silico, induced fit docking (IFD) and metadynamic simulations (MTD) showed that 
binding modes and structural changes at the receptor, ligand stability, and the overall 

energy score of NSOs were consistent with the results of the biological assays. 
 
 

PHARMACO-TOXICOLOGICAL EFFECTS OF NOVEL SYNTHETIC OPIOIDS:  
IN VITRO AND IN VIVO STUDIES 

1Sabrine Bilel, 1Micaela Tirri, 1Raffaella Arfè, 2Virginia Cristofori, 1Beatrice Marchetti, 
1Giorgia Corli, 2Federica Boccuto, 3Tatiana Bernardi, 4Margherita Neri, 1Rosa Maria 

Gaudio, 5Girolamo Calò, 1,6MATTEO MARTI 
1Department of Translational Medicine, Section of Legal Medicine and LTTA Center, University of Ferrara, 

44121 Ferrara, Italy. 
2Department of Chemistry and Pharmaceutical Sciences, University of Ferrara, Italy 

3Department of Environment and Prevention Sciences, University of Ferrara, Italy 
4Department of Medical Sciences, Section of Legal Medicine and LTTA Center, University of Ferrara, 44121 

Ferrara, Italy. 
5Department of Pharmaceutical and Pharmacological Sciences, University of Padua, Italy 

6Collaborative Center of the National Early Warning System, Department for Anti-Drug Policies, Presidency 
of the Council of Ministers, Italy. 

mto@unife.it 

Fentanyl derivatives (FENS) belongs to the class of Novel Synthetic Opioids that emerged 
in the illegal drug market of New Psychoactive Substances (NPS). These substances have 

been implicated in many cases of intoxication and death with overdose worldwide. 
Therefore, the aim of this study is to investigate the in vitro and in vivo pharmacological 
profiles of fentanyl (FENT) analogues: Acrylfentanyl (ACRYLF), Ocfentanyl (OCF), 
Furanylfentanyl (FUF), Butyrylfentanyl (BUF) and 4-Fluro-Butyrylfentanyl (4-FBUF). In 
vitro, all compounds, including FENT, mimicked the maximal effects of dermorphin 

displaying the following rank of potency: FUF>FENT=OCF=4-FBUF>ACRYLF= BUF. 4-FBUF 
and FUF behaved as a partial agonist to mu receptors. In the BRET G-protein assay, all 
compounds behaved as partial agonists for the β-arrestin 2 pathway in comparison with 
dermorphin, whereas 4-FBUF and FUF did not promote β-arrestin 2 recruitment, behaving 

as an antagonist. In vivo, FENT, ACRYLF, OCF and FUF (0.01-15 mg/kg i.p) dose-
dependently decreased the visual object and placing tests, the acoustic and the tactile 
responses of mice; increased mechanical and thermal analgesia, impaired motor and 
cardiorespiratory parameters. Among the substances tested, FUF showed lower potency 
for cardiorespiratory and motor effects. Moreover, we investigated the cardio-respiratory 

effects of BUF and 4-FBUF using the Electrocardiography (ECG) and plethysmography in 
female and male mice. Our results revealed a sex difference in the cardio-respiratory 
impairments induced by BUF and 4-FBUF at an intermediate dose (1 mg/kg) and higher 
dose (6 mg/kg). Histological analyses revealed tissue damages of lung, heart and brain of 

mice treated with higher FENS dose. These findings reveal the risks associated with the 
use of FENS and the importance of studying the pharmaco-dynamic properties of these 
drugs and considering sex/gender differences to better understand possible therapeutic 

interventions in the case of toxicity. 
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THE EFFECTS OF SYNTHETIC CANNABINOIDS ON EXECUTIVE FUNCTION AND RELATED 

BRAIN ACTIVITY IN FMRI  

AVIV WEINSTEIN  
The Isadore and Ruth Kastin Chair for Brain Research, Dept. of Psychology, Ariel University, Ariel, Israel. 

avivweinstein@yahoo.com 

The aims of our studies were to investigate the effects of chronic use of synthetic 

cannabinoids on the brain's structure and function, cognitive and emotional function and 

schizotypal personality disorder and personality. Synthetic cannabinoid users have 

exhibited overall smaller grey matter volume than control participants, and in specific 

regions: insula, the inferior frontal gyrus, the anterior cingulate cortex and the precuneus. 

These brain regions are rich with cannabinoid CB1-receptors and are associated with 

addictive behaviors, cannabis use and abstinence. Secondly, SC users were less accurate 

and showed longer reaction times on the 2-back and 1-back task than control participants. 

On the high working memory load, control participants showed additional activation in 

both the parahippocampal gyrus and the precuneus, areas associated with the default 

mode network. We have further found impairments in mental flexibility (WCST task), 

impulsivity (Go No Go task) and response to emotional words (Stroop) in SC users. 

Furthermore, SC users were more depressed, had higher scores of schizotypal personality 

disorder and were more introverted, neurotic and less conscientious on the big five 

questionnaire compared with regular cannabis users and control participants. In 

conclusion, these findings may have major implications for our understanding of the long-

term consequences of synthetic cannabis on cognitive and brain function. We currently 

run a study using F-DOPA in PET MR to assess dopamine function and neural networks in 

SC users.  

 

NEUROBIOLOGICAL SEQUELAE OF THE PASSIVE OR VOLUNTARY ADMINISTRATION OF 

THE SYNTHETIC CANNABINOID RECEPTOR AGONIST JWH-018 

MARIA ANTONIETTA DE LUCA 
Department of Biomedical Sciences, University of Cagliari, Cagliari, Italy.  

deluca@unica.it  

The use of synthetic cannabinoids receptor agonists (SCRAs) is growing among adults and 

adolescents, posing major medical and psychiatric risks. JWH-018 represents the 

reference compound of SCRA-containing products. Our studies were performed to 

evaluate the enduring consequences of repeated JWH-018 exposure by both passive 

administration (0.25 mg/kg ip qd, 14 days) in adult rats, and by intravenous self-

administration (lever pressing, Fixed Ratio 1–3; 7.5 μg/kg/inf) in adolescent mice. Main 

results, obtained 24 hours and 7 days after drug discontinuation, showed that repeated 

JWH-018 exposure in adult rats: (i) induced anxious/aversive behaviors; (ii) decreased 

spontaneous activity and number of dopamine neurons in the VTA; and (iii) decreased 

dopamine sensitivity in the NAc shell and core, but not in the mPFC, to a first chocolate 

exposure; conversely, after a second exposure, dialysate dopamine fully increased in the 

mailto:avivweinstein@yahoo.com
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NAc shell and core but not in the mPFC. Moreover, passive JWH-018 induced: (iv) 

astrogliosis (mPFC, NAc shell/core, VTA), microgliosis (NAc shell/core), and 

downregulation of CB1 receptors (mPFC, NAc shell/core). Other studies showed that 

adolescent JWH-018 IVSA induced at adulthood: (i) repetitive/compulsive-like behaviors; 

(ii) microgliosis (CPu, NAc) and astrocytopathy (CPu), as revealed by a decreased GFAP 

expression; (iii) increased of the chemokines MPC1 (striatum) and RANTES (cortex), and a 

decrease of the cytokines IL2 and IL13 (cortex). Taken together, these data suggest that 

the long-lasting behavioral and neurochemical effects of JWH-018 exposures may not 

differ substantially as a function of passive or voluntary administration except for some 

specific aspects of the brain immune response, that deserve further clarification.  

 

NEW BIOLOGICAL ACTIVITIES OF SYNTHETIC CATHINONES 

KATARZYNA KUCZYŃSKA, Jakub Wojcieszak, Ewa Zwierzyńska, Jolanta B. Zawilska 
Department of Pharmacodynamics, Medical University of Lodz, Lodz, Poland 

katarzyna.kuczynska@umed.lodz.pl 

Synthetic cathinones (SC) represent the second largest and most frequently abused group 
of Novel Psychoactive Substances. They exert similar effects to “classical” 
psychostimulants, enhancing dopaminergic (DA), serotonergic (5-HT) and noradrenergic 
(NA) neurotransmission in the brain. Pyrovalerones (e.g., 4-MeO-PVP, MDPV) 

demonstrating high selectivity for DA system are potent psychostimulants with strong 
addictive potential, while methcathinones (e.g., 4-CMC) with equivalent affinity for 
DA/5-HT systems display empathogenic effects and are endowed with lower abuse 
liability. 
We examined effects of SC related to psychostimulant properties, rewarding and 
addictive potential as well as withdrawal symptoms with emphasize on depression. Our 
most recent studies focus on effects of repeated exposure to MDPV, administered to mice 

on postnatal days 11-20 (corresponding to human 3rd trimester of pregnancy), on 

cognitive function in young adult mice. Experiments were performed on C57BL/6J or 
DBA/2J mice using a battery of behavioral tests. 
Both 4-MeO-PVP and 4-CMC act as psychostimulants increasing spontaneous locomotor 
activity of mice. Effects of 4-MeO-PVP were more pronounced since it increased vertical 
locomotor activity and improved rotarod performance. 4-MeO-PVP expressed higher 
abuse potential inducing biased conditioned place preference in mice. However, no 
symptoms of depression after cessation of both compounds were observed. Finally, MDPV 

disturbed development of mice decreasing body weight gain during administration 
period. MDPV could cause developmental neurotoxicity that persists into adulthood 
impairing memory and cognitive abilities. The effect seems to be more prominent in 
males. 
Supported by Medical University of Lodz, Poland (grant 503/3-011-01/503-31-001-19-00). 
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EFFECTS OF ADOLESCENT THC EXPOSURE IN NEURODEVELOPMENTAL MODELS OF 
PSYCHOPATHOLOGY 

 
SERENA DI MARTINO1, Martina Di Bartolomeo2, Tibor Stark3,4, Fabio Arturo Iannotti5, 

Jana Ruda-Kucerova4, Giovanni Luca Romano1, Martin Kuchar6, Samuele Laudani1, 
Fabiana Piscitelli5, Claudio Bucolo1, Filippo Drago1, Vincenzo Di Marzo5,7, Claudio 

D’Addario2, Vincenzo Micale1 

1 Department of Biomedical and Biotechnological Sciences, Section of Pharmacology, School of Medicine, 
University of Catania, Catania, Italy. 

2 Faculty of Bioscience and Technology for Food, Agriculture and Environment, University of Teramo, 
Teramo, Italy. 

3 Scientific Core Unit Neuroimaging, Max Planck Institute of Psychiatry, Munich, Germany. 
4 Department of Pharmacology, Faculty of Medicine, Masaryk University, Brno, Czech Republic. 

5Institute of Biomolecular Chemistry, Consiglio Nazionale delle Ricerche, Endocannabinoid Research 
Group, Naples, Italy. 

6 Forensic Laboratory of Biologically Active Substances, Department of Chemistry of Natural Compounds, 
University of Chemistry and Technology Prague, Prague, Czech Republic. 

7 Canada Excellence Research Chair on the Microbiome-Endocannabinoidome Axis in Metabolic Health, 
Faculty of Medicine and Faculty of Agricultural and Food Sciences, Centre de Recherche de l’institut de 

Cardiologie et Pneumologie de l’Université et Institut sur la Nutrition et les Aliments Fonctionnels, Centre 
NUTRISS, Université Laval. 
serena.dm.92@gmail.com 

Cannabis is the most used drug of abuse among adolescents. According to different clinical 
studies adolescent Cannabis exposure is associated with the increased risk of developing 
neuropsychopathologies in adulthood. However, human studies have some limitations 
which could be overcome by using animal models, in order to control confounding 
variables, to detect the roles of specific brain areas and neuronal pathways in the impact 

of Cannabis exposure. Here, we hypothesized peripubertal (postnatal days 29-39) (aTHC) 
may affect the impact of prenatal methylazoxymethanol acetate (MAM) or perinatal THC 
(pTHC) exposure in adult rats. MAM and pTHC exposed rats, but not the control group 
(CNT), were characterized by adult phenotype relevant to schizophrenia, including social 
withdrawal and cognitive impairment, in the social interaction test and in the novel object 

recognition test, respectively. At the molecular level, we observed an increase in both 
Cnr1, Drd2, and/or Drd3 mRNA levels in the prefrontal cortex of adult MAM or pTHC-
exposed rats, which might be due to the perturbation of the brain epigenome. 
Interestingly, pTHC treatment significantly impaired the social behavior (p<0.001), but 

not the cognitive performance (p>0.05) in CNT group. In pTHC rats, aTHC did not 
exacerbate the altered phenotype as well as the dopaminergic signaling, while it reversed 
the cognitive deficits in MAM rats, by modulating the Drd2 and Drd3 mRNA expression. Our 
results suggest postnatal THC exposure may differentially affects vulnerable individuals 
and the combination of gestational and postnatal insults, as the main mechanism of “two -

hit” theory of neurodevelopmental disorders needs to be investigated. 

mailto:serena.dm.92@gmail.com
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DISTINCT PROPERTIES IN VENTRAL PALLIDUM PROJECTION NEURON SUBTYPES 

NIMROD BERNAT1, Rianne Campbell2, Hyungwoo Nam2, Mahashweta Basu3,4, Tal 
Odesser1, Gal Elyasaf1, Michel Engeln2,5, Ramesh Chandra2, Shana Golden1, Sarah 
Sheikh1, Yael Ben Yossef1, Seth Ament3,4, Mary Kay Lobo2, Yonatan M. Kupchik1 

1Department of Medical Neurobiology, Faculty of Medicine, The Institute for Medical Research Israel-

Canada, The Hebrew University of Jerusalem, Israel 
2Department of Anatomy and Neurobiology, University of Maryland School of Medicine, Baltimore, MD, USA 

3Department of Psychiatry, University of Maryland School of Medicine, Baltimore, MD, USA. 
4Institute for Genome Sciences, University of Maryland School of Medicine, Baltimore, MD, USA 

5University of Bordeaux, CNRS, IMN, UMR 5293, F-33000 Bordeaux, France. 
nimrod.bernat@mail.huji.ac.il 

The ventral pallidum (VP), a major component of the basal ganglia, plays a critical role in 
motivational disorders. It sends projections to many different brain regions, but it is not 

yet known whether and how these projections differ in their cellular properties, 
connectivity and role in reward seeking. In this study, we focus on four major outputs of 
the VP – to the lateral hypothalamus (LH), ventral tegmental area (VTA), mediodorsal 
thalamus (MDT), and lateral habenula (LHb) – and examine the differences between them 
in 1) baseline gene expression profiles using projection-specific RNA-sequencing; 2) 

physiological parameters using whole-cell patch clamp; 3) anatomical input patterns using 
retrograde tracing and clearing methods, and 4) their influence on cocaine reward using 
chemogenetic tools. We show that these four VP efferents differ in all four aspects and 
highlight specifically differences between the projections to the LH and the VTA. These 

two projections originate largely from separate populations of neurons, express distinct 
sets of genes related to neurobiological functions, and show opposite physiological and 
behavioral properties. Collectively, our data demonstrates for the first time that VP 
neurons exhibit distinct molecular and cellular profiles in a projection-specific manner, 
and have different role in execution of reward learning, suggesting that they represent 

different cell types.  

 

THE REWARDING PROPERTIES OF LOW-DOSE NICOTINE ARE BLUNTED BY THE 

INTERPEDUNCULAR NUCLEUS 

MARIA CISCATO, Joachim Jehl, Eléonore Vicq, Philippe Faure, Alexandre Mourot 
Brain Plasticity Unit, CNRS, ESPCI Paris, PSL Research University, 75005 Paris, France 

alexandre.mourot@espci.fr 

The interpeduncular nucleus (IPN) is involved in the aversive properties of high-dose 

nicotine that limit intake, but little is known regarding how IPN neurons regulate 

physiological and behavioral responses to lower drug doses. We designed a chemogenetic 

method to inhibit 2- and 4-containing nicotinic acetylcholine receptors (nAChRs) with 

high pharmacological and spatial precision in designer knock-in mice. We installed a 

cysteine point mutation at amino acid position 61 (E61C) in the β2 and β4 nAChR subunits, 

and we designed a complementary tethered ligand that can irreversibly antagonize the 

nAChRs containing these mutant subunits, but not WT receptors. We then produced two 

knock-in mouse lines, β2E61C and β4E61C, in which the WT subunit was genomically 

replaced by the corresponding mutant subunit, ensuring normal receptor expression 

profiles. By combining these chemogenetic tools with tetrode recordings and behavioral 
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assays, we show that nicotine injection activates and inhibits different populations of IPN 

neurons, and that 4-containing nAChRs are involved in the activation response only. 

Unexpectedly, we found that IPN neurons are more sensitive to nicotine than ventral 

tegmental area (VTA) neurons. Moreover, blocking the response to nicotine in the IPN 

increased both the sensitivity of the VTA to the drug, and the rewarding effects of nicotine 

at low dose. Thus, we suggest that the IPN and the VTA already operate in concert at low 

dose of nicotine to control the motivational properties of the drug. 

 
THE DOSE-DEPENDENT EFFECTS OF MULTIFUNCTIONAL ENKEPHALIN ANALOGS ON 

THE PROTEIN COMPOSITION OF RAT SPLEEN LYMPHOCYTES, CORTEX, AND 
HIPPOCAMPUS; COMPARISON WITH CHANGES INDUCED BY MORPHINE 

HANA UJCIKOVA1*, Lenka Roubalova1, Yeon Sun Lee2, Peter Svoboda1 

1 Laboratory of Neurochemistry, Institute of Physiology of the Czech Academy of Sciences, Videnska 1083, 
14220 Prague 4, Czech Republic 

2 Department of Pharmacology, University of Arizona, Tucson, AZ 85724, USA. 
Hana.Ujcikova@fgu.cas.cz 

 
Multifunctional opioid ligands interacting with multiple opioid receptors have 
demonstrated their therapeutic potential to reduce adverse effects. The aim of our work 
was to analyze the dose-dependent effects (3 mg/kg and 10 mg/kg) of LYS739 (µ-OR/δ-

OR agonist and κ-OR partial antagonist) and LYS744 (µ-OR/δ-OR agonist and κ-OR full 
antagonist) on protein composition in vivo (in the rat brain cortex, hippocampus, and 
spleen lymphocytes) in comparison with morphine administration. Label-free 
quantification (MaxLFQ) was used for all proteomic analyses. The treatment with 3 mg/kg 
of LYS744 caused the most significant alterations in spleen lymphocytes, rat brain cortex, 

and hippocampus. The identified proteins were primarily involved in RNA processing and 
the regulation of cytoskeletal dynamics. When administered a higher dose, both 
enkephalin analogs induced extensive protein modifications in spleen lymphocytes. Among 
these, proteins associated with immune responses and apoptotic processes were 

increased. LYS739 treatment resulted in the highest number of protein changes in the rat 
brain cortex and hippocampus. The altered proteins were mainly related to the regulation 
of transcription and cytoskeletal reorganization. Considering its specific multifunctional 
activities (µ-OR/δ-OR agonism and κ-OR partial antagonism), our results indicate the 
possible involvement of multiple opioid receptors in protein regulations in these brain 

areas. However, the higher dose of LYS744 did not increase the number of altered proteins 
in the brain cortex and hippocampus. Our findings demonstrate that the effect of κ-OR 
full antagonism of LYS744 is opposite in the central nervous system and the peripheral 
region (spleen lymphocytes). 
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TRANSCRIPTIONAL CONTROL OF NUCLEUS ACCUMBENS NEURONAL EXCITABILITY BY 

RETINOID X RECEPTOR ALPHA TUNES SENSITIVITY TO DRUG REWARDS 

ARTHUR GODINO1, Marine Salery1, Romain Durand-de Cuttoli1, Molly S. Estill1, Leanne M. 

Holt1, Rita Futamura1, Caleb J. Browne1, Philipp Mews1, Peter J. Hamilton1, Li Shen1, 

Scott J. Russo1, Eric J. Nestler1 
1 Nash Family Department of Neuroscience and Friedman Brain Institute, Icahn School of Medicine at Mount 

Sinai, New York, New York, USA 
arthur.godino@icahn.mssm.edu 

 

The complex nature of the transcriptional networks underlying addictive behaviors 

suggests intricate cooperation between diverse gene regulation mechanisms that go 

beyond canonical activity-dependent pathways. Here we implicate in this process a 

nuclear receptor transcription factor, Retinoid X Receptor Alpha (RXR), which we initially 

identified bioinformatically as associated with addiction-like behaviors. In the nucleus 

accumbens (NAc) of male and female mice, we show that, while its own expression 

remains unaltered after cocaine exposure, RXR controls plasticity- and addiction-

relevant transcriptional programs in both dopamine receptor D1- and D2-expressing 

medium spiny neurons, which in turn modulate intrinsic excitability and synaptic activity 

of these NAc cell types. Behaviorally, bidirectional and cell-type-specific viral 

manipulation of RXR, as well as systemic administration of a small molecule RXR 

inhibitor, regulate drug reward sensitivity in both non-operant and operant paradigms. 

Together, this study demonstrates a key role for NAc RXR in promoting drug addiction, 

and paves the way for future studies of rexinoid signaling in psychiatric disease states. 
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ADOLESCENT BINGE-LIKE ALCOHOL EXPOSURE ALTERS SOCIAL COPING IN RATS. 

EVIDENCE OF A RESCUE ROLE FOR CANNABIDIOL 
 

ANNA BRANCATO1, Valentina Castelli2, Gianluca Lavanco1, and Carla Cannizzaro2 

Laboratory of Neuropsychopharmacology, University of Palermo, Italy 
1Department of Health Promotion, Mother and Child Care, Internal Medicine and Medical Specialties of 

Excellence “G. D’ Alessandro”, University of Palermo, Italy 
2Department of Biomedicine, Neurosciences and Advanced Diagnostics, University of Palermo, Italy 

anna.brancato@unipa.it 
 

Binge alcohol drinking may compromise the functioning of the nucleus accumbens, i. e. 
the neural hub for processing reward and aversive responses. As socially stressful events 
pose a particular challenge, this research employed the Resident-Intruder Paradigm as an 
ethologically relevant model of social stress to explore behavioural, neuroendocrine and 

accumbal maladaptive plasticity in rats exposed to binge-like alcohol during adolescence. 
In search of a rescue agent, cannabidiol was tested due to its favourable effects on 
alcohol- and stress-related consequences. 
Intruder binge-alcohol exposed rats displayed a compromised defensive behaviour against 

the resident and a blunted stress system response, in addition to indexes of abnormal 
dopamine /glutamate plasticity in the nucleus accumbens. 
Repeated cannabidiol administration (60 mg/kg) was able to: 1) increase social 
exploration and decrease freezing time in the intruder binge-alcohol exposed rats, which 
received less aggressive attacks from the Resident; 2) reduce corticosterone levels 

independently of alcohol previous exposure; 3) ameliorate dopamine/glutamate-related 
adaptations. 
Overall, the multilevel detrimental consequences promoted by the intersection between 
binge-like alcohol withdrawal and exposure to an adverse social environment were 

rescued by the détente effect of cannabidiol, resulting in a successful defensive strategy 
and a functional endocrine response and synaptic plasticity. The current data supports 
cannabidiol's therapeutic potential in alcohol-and stress-related harms in a vulnerable 
population at a developmental stage. 
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AYAHUASCA, A BEVERAGE CONTAINING N,N-DIMETHYLTRYPTAMINE, AS AN 
ALTERNATIVE TREATMENT FOR COCAINE USE DISORDER 

VÍTOR BRUNO1, Lidia Emmanuela Wiazowski Spelta1, Fabiane Dörr1, Fabiana 
Pereira Santos1, Beatriz Aparecida Passos Bismara Paranhos1, Maurício Yonamine1, 

Rosana Camarini2, Tania Marcourakis1 
1
Department of Clinical and Toxicological Analysis, School of Pharmaceutical Sciences, University of São 

Paulo, São Paulo/SP, Brazil. 
2
Department of Pharmacology, Laboratory of Neurochemical and Behavior Pharmacology, Institute of 

Biomedical Sciences, University of São Paulo, São Paulo/SP, Brazil. 
vitor.bruno@usp.br 

 
Ayahuasca, which contains N,N-dimethyltryptamine (DMT), is a psychoactive beverage 
used in religious rituals. Although there is evidence that it may be useful in alcohol and 
nicotine use disorder, less is known about cocaine. 
Objective: Evaluate the effects of ayahuasca on cocaine-induced conditioned place 

preference (CPP). 
Six-week-old C57Bl/6 mice were habituated on CPP apparatus for 15 min. On the next 
day, they were pre-tested to evaluate natural preference to the compartments. During 
conditioning phase (3rd-10th day) mice remained confined in one of the CPP 

compartments for 30 min. On the 11th day, they were tested to evaluate: (i) Effects of 
ayahuasca on CPP: odd days, conditioning with ayahuasca (2.5; 7.5; 12.5 and 15mg 
DMT/kg v.o.) and even days, with water. (ii) Competition between cocaine and 
ayahuasca-induced CPP: odd days, conditioning with cocaine 10mg/kg i.p and even days, 
with ayahuasca (12.5 or 15mg DMT/kg). (iii) Ayahuasca in the modulation of the 

acquisition of cocaine-CPP: odd days, ayahuasca (12.5 or 15mg of DMT/kg) 30 min prior 
to cocaine administration. Even days, water 30 min prior to saline administration. (iv) 
Acute administration of ayahuasca on cocaine CPP expression: mice were submitted to 
four cocaine conditioning sessions. On the test day, they received water or ayahuasca 

(12.5 or 15mg of DMT/kg). 
(i) Only 15mg DMT induced CPP. (ii) Cocaine-induced CPP prevails upon ayahuasca-CPP. 
(iii) Ayahuasca prior to cocaine administration on each conditioning session, did not 
block cocaine-induced CPP expression. (iv) Both doses prevented the expression of 

cocaine-induced CPP. 
Ayahuasca at 15mg/kg DMT induced CPP; acute administration of ayahuasca blocked 
cocaine-induced CPP, being an interesting option for cocaine use disorder. 

 

VTA CIRCUITRY SUSTAINS OPPOSITE RESPONSES OF DOPAMINERGIC NEURONS TO 

DRUGS OF ABUSE 

TINAÏG LE BORGNE, Claire Nguyen, Eleonore Vicq, Stefania Tolu, Alexandre Mourot, 

Philippe Faure, Fabio Marti 
Brain plasticity lab, ESPCI, CNRS UMR8249 – 75005 Paris, FRANCE 

tinaigleborgne@gmail.com 

Nicotine, the main psychoactive compound of tobacco, binds on cationic nicotinic 

receptors (nAChRs) to increase the firing rate of dopaminergic (DA) neurons of the ventral 

tegmental area (VTA), leading to higher release of DA in target structures and positive 

reinforcement. Besides rewarding properties, nicotine also promotes negative effects. 

Recently, we showed heterogeneity in nicotine-induced responses on VTA DA 
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subpopulations targeting nucleus accumbens (NAc) and amygdala (AMg) nuclei. NAc-

projecting DA neurons are activated by nicotine and their optogenetic activation is 

reinforcing. AMg-projecting DA neurons are inhibited by nicotine and their optogenetic 

silencing is anxiogenic. 

We address 1) if alcohol, known for its rewarding and anxiolytic/anxiogenic properties, 

also produces distinct responses on DA subpopulations, and 2) if a circuit-based mechanism 

could underly drug-induced inhibition.  

Combining in vivo juxtacellular or ex vivo patch-clamp recordings with injections of 

retrograde tracers, we investigated extrinsic/intrinsic properties and response profiles to 

nicotine and ethanol of NAc or AMg-projecting DA neurons.   

We demonstrated that alcohol induces two opposite responses, such as nicotine, on the 

same segregated DA subpopulations. NAc-projecting DA neurons are activated by nicotine 

and ethanol while AMg-projecting DA neurons are inhibited by both drugs. Finally, we start 

to investigate intrinsic properties, difference in receptor expression and local/distal 

GABAergic signaling of both populations.   

These results highlight heterogeneity of drug impact on DA subpopulations and raise the 

question of the role it might play in the balance between the drugs positive and negative 

effects that regulates their use.  

 

ASSOCIATIONS BETWEEN THE ENDOCANNABINOID SYSTEM AND DRUG CRAVING IN 
CHRONIC COCAINE USERS 

SARA LIANE KROLL1, Ann-Kathrin Kexel1, Carola Boost2, Franziska Pahlisch2, Cathrin 
Rohleder2,3, Markus F. Leweke2,3, Boris B. Quednow1 

1 Experimental and Clinical Pharmacopsychology, Department of Psychiatry, Psychotherapy, and 
Psychosomatics, Psychiatric University Hospital Zurich, University of Zurich, Switzerland 

2 Department of Psychiatry and Psychotherapy, Central Institute of Mental Health, Medical Faculty 

Mannheim, Heidelberg University, Mannheim, Germany 
3  Brain and Mind Centre, Translational Research Collective, Faculty of Medicine and Health, The University 

of Sydney, Sydney, Australia. 

saraliane.kroll@bli.zh.ch 

Recent studies indicate that the endocannabinoid system (ECS) plays a crucial role in 

regulating the stress response. Accordingly, activation of the ECS has been suggested to 

be directly linked to stress-induced substance craving and reward in animals. Although 

recent preclinical studies indicate the role of the ECS in cocaine addiction, human 

translational studies have been limited so far. Therefore, the present study aimed to 

assess potential alterations of the ECS in chronic cocaine users. We compared baseline 

plasma concentrations of the endocannabinoids (eCBs) 2-arachidonylglycerol (2-AG) and 

anandamide and the structurally related N-acylethanolamines oleoylethanolamide and 

palmitoylethanolamide between chronic cocaine user (N=103; 69 recreational non-

dependent users [RCU] and 34 dependent users [DCU] diagnosed by the DSM-IV) and 

stimulant-naïve healthy controls (N=92). We found higher plasma concentrations of 2-AG 

but not anandamide in DCU compared to controls and RCU. Two-AG was negatively 

associated with cocaine craving scores within the chronic cocaine user group, which was 

mainly driven by the DCU group. Our Results of elevated 2-AG baseline plasma levels in 

DCU might indicate a higher vulnerability/response to the rewarding effects of cocaine in 

this group. Moreover, results suggest that phasic 2-AG increase may have stress-buffering 
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effects in terms of cocaine craving, while we recently found a tonic down-regulation of 

the ECS in chronic cocaine users. 

 

HIGH TIME RESOLUTION ANALYSES IN ONLINE MICRODIALYSIS EXPERIMENTS FOR 

DOPAMINE AND SEROTONIN 

MARTIN EYSBERG1, H.-J. Brouwer2, L.M. van Heerwaarden2, N.J. Reinhoud2, V.Valentini1 
1 Antec Scientific, Boston, USA; 2 Antec Scientific, Zoeterwoude, The Netherlands. 

m.eysberg@antecscientific.com 

Microdialysis in vivo is an important sampling technique for continuous monitoring of 

neurotransmitter concentrations in the living brain. Extracellular fluid of the brain i s 

sampled through a semipermeable membrane in a microdialysis probe, followed by HPLC 

analysis for quantification. However, HPLC analysis requires fractionation of the sample 

stream, and the size of the fractions will affect time resolution. Typical flow rates in 

microdialysis are 1 - 2 µL/min. In case of conventional HPLC, which require typical 

injection volumes of 10 µL – 20 µL, such samples represent a time resolution of 5 to 20 

min. Such time resolution is not enough to accurately describe fast neural responses that 

take place within a few minutes. Therefore, decreasing the fraction size to a few 

microliters is necessary to enable measurements with a temporal resolution of 1 to 2  

minutes.  We developed a robust commercially available on-line solution for the 

simultaneous analysis of DA and 5-HT with high time resolution in microdialysis 

experiments. The solution is based on a UHPLC system equipped with a dual loop sampling 

valve in combination with the new DECADE Elite electrochemical detector and SenCel l. 

Small samples with a volume of 1.5 µL were collected online into the dual loop sampling 

valve and simultaneously analyzed (see figure 1). With this approach a temporal resolution 

45 seconds can be reached, with a detection limit of 100 -150 pmol/L for both DA and 5-

HT.  
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THE EFFECTS OF ADOLESCENT THC EXPOSURE ON STRUCTURAL 

NEURODEVELOPMENTAL TRAJECTORIES AND ADULT BEHAVIOUR 

TIBOR STARK1,2, Alice Hartmann3,4, Daniel E. Heinz3, Benoit Boulat2, Vincenzo Micale5, 
Michael Czisch2, Carsten T. Wotjak6 

1Department of Pharmacology, Faculty of Medicine, Masaryk University, Brno, Czechia. 
tibor_stark@psych.mpg.de 

2Core Unit Neuroimaging, Max Planck Institute of Psychiatry, Munich, Germany 
3Neuronal Plasticity Research Group, Max Planck Institute of Psychiatry, Munich, Germany 

4Department of Pharmacology, University of São Paulo, São Paulo, Brazil 
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The general public point of view on cannabis use has been slowly shifting in recent years. 
Aggrandizing calls for decriminalisation/legalization even for recreational use have 
imposed a strong imperative for a thorough assessment and understanding of its impact 
on health and behavior. Alarmingly, cannabis use is on the rise among adolescents, a 

specifically sensitive demographic group regarding ongoing critical neurodevelopmental 
and maturational processes in the brain. While vast evidence has accumulated on heavy 
cannabis use (and/or its constituents, i.e. THC) and its acute effects on cognitive and 
emotional domains, temporal detection of alterations in the brain developmental 

trajectories with specific focus on critical peripubertal exposure is still underrepresented. 
In our pilot study, we assessed long-lasting effects of repeated THC exposure during 
adolescent age on adult behavior and brain structure of exposed mice. Longitudinal 
nuclear magnetic resonance imaging (MRI) from PND28 spanning to late adulthood was 

used to explore volumetric changes (deformation-based morphometry) and diffusivity 
(tract-based spatial statistics) in grey and white matter of tested mice. Their adult 
behavioural profile was characterised using a battery of tests including elevated plus 
maze, open field, novel object recognition, social preference, acoustic startle response, 
ultrasonic vocalizations and Morris water maze.  
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EFFECTS PERINATAL CANNABIS EXPOSURE METABOLISM AND EMOTIONAL BEHAVIOUR 

IN ADULT OFFSPRING 

Nada S. Sallam, Colleen S. Peterson, Min Qiao, STEPHANIE L. BORGLAND 
Hotchkiss Brain Institute, University of Calgary, Canada  

s.borgland@ucalgary.ca 

Cannabinoid receptors play a critical role in many metabolic and cognitive processes. 

Cannabis has acute effects on food intake, and longer-term effects on body weight and 

gut microbiome. Cannabis use during pregnancy has increased in North America and the 

active ingredient, delta-9-tetrahydrocannabinol (THC), can cross the placenta to 

influence numerous aspects of neurodevelopment. However, it is unknown how perinatal 

cannabis exposure (PCE) can influence metabolic processes in the offspring. Here we 

examined how PCE influenced diet-induced obesity and emotional behaviour in adult 

offspring. Dams received whole cannabis extract (5 mg/kg THC) or vehicle in peanut butter 

from GD1.5-PD10. When offspring were 7 weeks old (PD49) they were placed on a 12-week 

high fat diet (HFD) or control diet and then assessed for metabolic and behavioural 

profiles. There was no effect of PCE on bodyweight, food intake, glucose tolerance or 

fasting glucose. However, total adiposity and inguinal subcutaneous tissue weight was 

lower in PCE HFD female mice compared to vehicle HFD mice. Furthermore, while vehicle 

female mice had reduced insulin sensitivity after HFD exposure, insulin sensitivity was not 

altered in PCE HFD mice. Consistent with this, amylin, c-peptide, GLP, insulin and leptin 

were increased in vehicle HFD female exposed mice, but not in PCE HFD mice, suggesting 

that PCE reduces HFD-induced changes in metabolic signaling in adult female offspring. 

We found a significant shift in gut microbiome from pre-diet to post-diet that was 

influenced by PCE.  Finally, there were sex-dependent effects of PCE on the elevated plus 

maze in control diet but not HFD exposed mice, such that PCE-control diet male mice had 

decreased duration in open arms. Taken together, these results indicate that PCE reduces 

the metabolic response to HFD, alters the gut microbiome change due to a HFD in 

offspring, and increases anxiety-like behaviour.  
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IN-UTERO THC INCREASES VULNERABILITY TO COGNITIVE IMPAIRMENT IN THE 

ADOLESCENT PROGENY. IS CBD A RESCUE STRATEGY? 

CARLA CANNIZZARO, Valentina Castelli, Anna Brancato*, Salvatore Feo# 
Lab. of Neuropsycopharmacology, Dept of Biomedicine Neuroscience and Advanced Diagnostics, #Dept. 

Steicef, *Dept. Promise, University of Palermo, Palermo, Italy. 

carla.cannizzaro@unipa.it 

Our preliminary data, deriving from the study of the effects of gestational exposure to 

THC on vulnerability to alcohol dependence, show an impairment in instrumental learning 

in prenatally treated offspring when tested in the operant conditioning paradigm 

(Brancato et al., 2020).  

Aiming at specifying the impact of THC on cognitive processing, in this study female 

pregnant rats received subcutaneous administration of THC (2 mg/kg) from gestational 

day 5 to 20 and the progeny was assessed for spatial learning, reference and working 

memory, cognitive flexibility and visual discrimination in a motivated task, the Can test, 

and in an aversive context, the Barnes Maze test. Prenatal exposure to THC impaired 

cognitive processing in a task- and age-dependent manner, and induced significant 

alterations in relevant components of excitatory and cannabinoid signaling in the 

hippocampus. Cannabidiol (40 mg/kg), as the non-psychoactive component of cannabis, 

could discretely rectify specific cognitive processing and counterbalanced hippocampal 

maladaptive plasticity. 

 

MIDBRAIN ASTROCYTIC CB1 RECEPTORS ARE MASTER REGULATORS OF REWARD 

EVOKED DOPAMINE RELEASE 

JOSEPH CHEER 
Department of Anatomy and Neurobiology, University of Maryland School of Medicine, Baltimore, MD, 

21201, USA.  
jcheer@som.umaryland.edu 

Cannabinoid type I receptors (CB1R) modulate dopamine (DA) neuron activity in the 

ventral tegmental area (VTA), a midbrain structure of the mesolimbic system critical for 

motivation and rich in astrocytes. In the hippocampus and nucleus accumbens (NAc), 

astrocytic CB1R activation modulates neuronal plasticity by promoting calcium (Ca2+) 

transients and release of gliotransmitters. Whether VTA astrocytes express CB1R to 

modulate accumbal dopaminergic correlates of motivated behavior is unknown. Here, we 

present evidence that CB1R are indeed abundantly expressed on VTA astrocytes. Using 

fiber photometry in freely behaving mice, we show that conditional, inducible CB1R 

deletion in VTA astrocytes elevated astrocytic Ca2+ transients, reduced motivation for 

food reward and inhibited reward-evoked DA release in the NAc. These findings establish 

CB1R on astrocytes in the VTA as critical regulators of mesolimbic dopaminergic 

projections recruited during the motivated pursuit of reward. 
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LATERAL HABENULA INVOLVEMENT IN IMPULSIVE BEHAVIOR AND CONTROL BY 

CANNABINOIDS 

CARL R. LUPICA, Agustin Zapata, Eun-Kyung Hwang, Vivian Hu 
National Institutes of Health, National Institute on Drug Abuse Intramural Research Program 

Baltimore, Maryland, USA 

clupica@nih.gov 

Impulsive behavior is associated with substance use disorders (SUDs) in humans and in 

animal models, and impulsive traits predicts drug use. Impulsive behavior is also 

associated with psychiatric disorders and neurodegenerative disease states, and animal 

models of impulsive behavior show high translational value in humans. We measure 

impulsive action a Go/NoGo task in which operant responding is rewarded during signal 

presentation, and not rewarded in the absence of this signal, or with a 5-choice serial 

reaction time task (5CSRTT) that can measure executive processes such as attention, 

reaction time, motivation, and impulsivity. We use these tasks to study impulsive behavior 

associated with drug seeking and underlying neural pathways. Studies investigating 

involvement of the lateral habenula (LHb) in impulsive cocaine seeking used a Go/NoGo 

task in which rats learn to withhold responding for the drug in the absence of a visual 

stimulus. Reversible inactivation of the LHb impaired the inhibition of responses for 

cocaine during its signaled unavailability implicating the LHb in control of impulsive drug 

seeking. We also show that systemic exposure to the primary psychoactive constituent of 

cannabis, Δ9 -tetrahydrocannabinol (Δ9 -THC), increases impulsive responding for cocaine 

that can be blocked by intra-LHb administration of the CB1 cannabinoid receptor 

antagonist AM251. Additional studies using the 5CSRTT show that systemic Δ9 -THC 

increases premature responding (a measure of impulsivity) and that this is also blocked by 

intra-LHb injection of AM251. These results are discussed with regard to cannabinoid 

control of LHb afferents that may modulate LHb involvement in impulsive action. 
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DEVELOPMENTAL EXPOSURE TO COCAINE AS A RISK FACTOR FOR VULNERABILITY 

TO PSYCHIATRIC DISORDERS: UNRAVELING THE UNDERLYING NEUROPLASTIC 

MOLECULAR MECHANISMS IN PRECLINICAL MODELS 

FRANCESCA MOTTARLINI, Giorgia Targa, Beatrice Rizzi, Lucia Caffino and Fabio 
Fumagalli 

Department of Pharmacological and Biomolecular Sciences, Università degli Studi di Milano, Milano, Italy. 
francesca.mottarlini@unimi.it 

 

Cocaine is a highly addictive psychostimulant whose abuse represents a widespread social 

and economic burden. Among individuals, cocaine abuse seems to have a different 

impact on adolescent than adult users, inducing more profound long-lasting alterations 

in the brain of early-onset users. However, the knowledge about the neurobiological 

mechanisms that underpin the different age-of-onset changes induced by cocaine intake 

or withdrawal are poorly understood. 

Therefore, overall goal of the proposed project is to investigate whether developmental 

exposure to cocaine induces vulnerable phenotypes through structural and molecular 

alterations as a risk factor of sensitivity to drug addiction, or broadly, to other psychiatric 

disorders. Specifically, by exposing rats to a repeated cocaine treatment and prolonged 

withdrawal during adolescence and adulthood, the two major aims will be 1) to evaluate 

the ability of rodents with an history of cocaine exposure to cope with cognitive tasks 

and acute challenges, and 2) to unravel the role of the Orexin/Glutamatergic systems 

interaction in the induction of maladaptive alterations in reward-related brain areas. 

Our preliminary results show that, at behavioral level, withdrawal from adolescent, but 

not adult, repeated cocaine exposure (5 mg/kg) caused a significant impairment in the 

temporal order object recognition (TOOR) test, a cognitively demanding test, indicating 

an intact temporal memory among cocaine-exposed rats only in adult animals. 

The findings point to adolescence as a crucial developmental period of vulnerability for 

psychostimulant-induced cognitive impairment, here emphasized by long-term cocaine 

withdrawal. 
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EFFECT OF SYNTHETIC CANNABINOID VAPING IN ADOLESCENT MALE AND FEMALE 
RATS: NEUROBIOLOGICAL SEQUELAE IN ADULTHOOD AND EFFECT OF THE 

ENVIRONMENTAL ENRICHMENT 

NICHOLAS PINTORI1, Gessica Piras1, Enrica Spano1, Maria Antonietta De Luca1 
1 Department of Biomedical Sciences, University of Cagliari, Italy 

nicholas.pintori@unica.it 

Since 2015, vaping synthetic cannabinoids (SC), commonly known as Spice/K2 drugs, with 
electronic cigarette has been gaining popularity among adolescents worldwide. Differently 
from THC, the SC are able to induce more adverse reactions and psychiatric consequences. 

Previous studies of our group showed that the prototypical compound of SC, JWH-018, has 
cannabinoid CB1 receptor-dependent reinforcing properties and acutely increases 
dopamine transmission selectively in the NAc shell, with a lower dose than THC. 
Recently, we demonstrated that repeated JWH-018 exposure in adult male rats induces 
alteration of dopamine transmission, abnormalities of emotional state and withdrawal 

signs, together with glial alterations. Despite the growing use of Spice/K2 drugs, there is 
a lack of data concerning the consequences of repeated SC exposure during a critical 
neurodevelopmental period such as adolescence. Accumulating evidence demonstrate the 
preventive effect of Environmental Enrichment (EE) exposure on the development of 

addictive behaviours. 
Here, through a multidisciplinary approach, we aim to evaluate 1) the behavioural and 
neurochemical sequelae of repeated JWH-018 vaping during adolescence 2) the role of 
sex as a biological variable in the observed alterations, and 3) the possible protective 
effect of concomitant EE exposure. 

The results of this project will elucidate the detrimental consequences of recurring SC 
vaping in the young age and will provide further information about the possible beneficial 
effect of EE that might improve strategies to prevent psychiatric disorders. Finally, using 
the most common route of administration among humans will provide a method for 

collecting preclinical data with enhanced translational relevance. 

 

THE PHARMACOTHERAPEUTIC PROPERTIES OF LSD IN A MOUSE MODEL OF ALCOHOL 

USE DISORDER (AUD) 

CAROLINA GIULIA FERRONI, Ceren Ozcan, Laura Cherchi, Stefano Comai, Flavia 

Valtorta e Danilo De Gregorio 
Neuropsychopharmacology Unit, Division of Neuroscience, Vita-Salute University and San Raffaele 

Scientific Institute, DIBIT 1, 3A2, Via Olgettina 58, 20132 Milan, Italy 
ferroni.carolinagiul@hsr.it 

Alcohol use disorder (AUD) is a major problem that causes significant health and social 
problem. Pharmacological treatments for AUD are limited in their effectiveness, and new 

drugs are required. Recently, the potential use of hallucinogens as novel therapies in 
treating mental diseases has come to the forefront in psychiatry. For instance, lysergic 
acid diethylamide (LSD) is a hallucinogen acting as partial agonist of 5-HT2A and D2 
receptors and exerts its mechanism of action through the modulation of the dopaminergic 

system in the ventral tegmental area (VTA) and the glutamatergic transmission in the 
medial prefrontal cortex (mPFC). For instance, the mPFC-VTA circuit plays a pivotal role 
in mediating the neurophysiology of AUD. However, the mechanism of action and pre- 
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clinical data about the effectiveness of hallucinogen-based therapies for AUD remain 
limited. This translational study aims at determining whether the LSD can reduce alcohol 

consumption in an animal model of AUD and its mechanism of action. To do so, we will 
employ a mouse model of self-ethanol administration with a paradigm DID (Drinking in 
the dark) to mimic binge-like drinking in humans. After we will test if repeat doses of 
LSD (30 µg/kg 7 days) reduces alcohol consumption via a) the 5-HT2A and D2 receptors; 
b) the dopaminergic neurotransmission in the VTA and c) the glutamatergic transmission 

in the mPFC. To achieved this, we will employ behavioural paradigms, in vivo 
electrophysiology, optogenetics and neurochemical analysis. This work will broaden our 
understanding of the effects of hallucinogen on AUD. 

 

EVALUATION OF THE REVERSIBLE CHOLINESTERASE INHIBITOR DONEPEZIL AS 

PHARMACOLOGICAL THERAPY TO COUNTERACT AMPHETAMINE-INDUCED ADDICTIVE 

BEHAVIOURS AND NEUROBIOLOGICAL ALTERATIONS 

MARCELLO SERRA, Micaela Morelli, Nicola Simola 
Department of Biomedical Sciences, Section of Neuroscience, University of Cagliari, Cagliari, Italy. 

marcelloserra@unica.it 

 
Amphetamine is a psychoactive substance prescribed either as pure dextroamphetamine 

or as racemic mixture to treat narcolepsy and attention deficit hyperactivity disorder, 

which is also used as recreational drug owing to its stimulant and euphoriant effects. 

The non- medical consumption of amphetamine among college students has recently 

become matter of debate and represents a critical health and social issue. Indeed, the 

misuse of amphetamine might promote the development of severe psychophysical and 

social disturbances. Today, there are no approved pharmacological treatments for 

amphetamine addiction, and psychosocial interventions have yielded only modest 

results. 

Preclinical data in rodents have shown that the brain cholinergic system may critically 

modulate the development and expression of drug addiction. In this respect, either the 

immunotoxin-mediated degeneration or the chemogenic inhibition of cholinergic 

interneurons located in the nucleus accumbens significantly increased the psychomotor 

and rewarding effects exerted by either cocaine or morphine. On the other hand, the 

elevation in brain cholinergic signaling elicited by selective inhibitors of the 

cholinesterase enzyme (ChEI), such as donepezil, markedly counteracted the addictive 

effects of these drugs of abuse. 

In the present project, through behavioural and immunohistochemical approaches, we 

aim to evaluate in a rat model: 1) whether the ChEI donepezil counteracts the early and 

long- lasting behavioural and biochemical alterations produced by amphetamine; 2) the 

role of muscarinic receptors in donepezil-mediated effects. From the results of the 

present project we expect to gain helpful indications supporting the potential 

application of the ChEI donepezil as therapeutic agent in the management of 

amphetamine addiction. 
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DETRIMENTAL EFFECTS OF MATERNAL CANNABIS USE: EXPLORING EMERGING 
STRATEGIES FOR TREATING SEX-DEPENDENT BEHAVIORAL AND 

NEUROBIOLOGICAL CONSEQUENCES IN THE OFFSPRING 

MANDUCA ANTONIA, Trezza Viviana 
Department of Science, Section of Biomedical Sciences and Technologies, Roma Tre University, Rome, 

Italy 
antonia.manduca@uniroma3.it 

 

The rate of Cannabis use by pregnant and breastfeeding women has been consistently 
increasing over time along with permissive sociocultural attitudes toward marijuana. 
This raises concern about the potential for harm particularly for vulnerable populations 
as more pregnant women use Cannabis today being exposed to potent levels of the main 
psychoactive component of the plant, Δ9- tetrahydrocannabinol (THC). Recent 

preclinical evidence has revealed a previously undisclosed sexual divergence in the 
detrimental consequences of fetal cannabinoids in offspring at different developmental 
ages which warrants further investigations to decipher the mechanisms determining sex-
related effects following maternal THC exposure. 

The aim of my research project recently supported by a Zardi Gori Foundation post-
doctoral fellowship is to study the mechanisms underlying the detrimental effects of 
maternal Cannabis exposure in male and female rat offspring at different developmental 
ages (from infancy to adulthood) and to explore sex-specific therapeutic strategies to 

mitigate the Cannabis-triggered behavioral abnormalities in the progeny. In particular, 
I will test the effects of non-psychoactive phytocannabinoids in treating sex-specific 
behavioral alterations induced by maternal Cannabis exposure in the offspring and the 
underlying mechanisms of action. By combining detailed behavioral observations with 
molecular and brain imaging analyses, this project will increase our understanding of the 

neurobiology of maternal Cannabis exposure which is essential for the development of 
new effective and safe medications aimed to mitigate the maladaptive behaviors 
showed by the offspring exposed to perinatal Cannabis, thus preventing long-term 
Cannabis-triggered psychiatric disorders. 

 

*P13 SEX DIFFERENCES IN THE 3-CRIT MODEL OF COCAINE ADDICTION IN RATS 

VERONIKA POHOŘALÁ, Macarena González Portilla, Rainer Spanagel, Rick E. Bernardi  

Institute of Psychopharmacology, Central Institute of Mental Health, Medical Faculty 

Mannheim/University of Heidelberg, J5, 68159, Mannheim, Germany  

 

Substance use disorder (SUD) is a chronic, complex and relapsing disease characterized 
by a variety of symptoms related to loss of control over drug intake, with a high burden 
to an individual’s health and society in general. The 3-CRIT model of addiction in rats 
examines, following extended drug intake, addiction criteria as described for human 

dependence in the DSM-IV and modified to measure: the persistence of drug-seeking, 
motivation for drug-taking, and drug-taking despite adverse consequences. The outcome 
is a distribution of animals ranging from those showing no addicted-like behavior (0 crit) 
to those showing addicted-like behavior on all three criteria (3 crit). The findings from 
both preclinical and clinical studies suggest that sex plays an important role in the 

development and treatment of SUD. To date, the 3-CRIT model of cocaine addiction has 
primarily been performed in male rats. Thus, we carried out an experiment comparing 
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males and females to examine sex differences in 3-CRIT model indicators of addiction-
like behavior. Forty-six male and forty-seven female Sprague-Dawley rats were trained 

to intravenously self-administer cocaine (0,8 mg/kg) during 45 sessions and subsequently 
divided into 4 groups (0crit, 1crit, 2crit, 3crit) based on their criteria scores. Our results 
show that males scored higher in the criteria and had almost a 2-fold number of 3-crit 
animals than females, a rate consistent with the human literature. Females also took less 
cocaine during the 3-CRIT training. This study adds to growing evidence that sensitivity 

to and development of addiction differs in males and females. 
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