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RELAZIONE:  
 
BACKGROUND 

Epidemiological studies have shown that the use of tobacco usually precedes the use of marijuana, 

which precedes the use of cocaine and other illicit drugs such as metamphetamine (Pipkin et al., 

2014). Nicotine can therefore acts on the brain as a “gateway drug”, an effect that seems to be a 

response to the drug per se (Kandel et al., 2014), but there are no data regarding its possible 

gateway effect in relation to phenetylamines. Previous studies have shown that an important step 

in the sequence of molecular events leading to addictive behaviour in rodents is the increased 

expression of FosB and its Δ-FosB isoform in the ventral striatum in rodents. Δ-FosB is a 

trascription factor which regulates nucleus accumbens (NAc) function by inducing or repressing 

numerous target genes that are important for the rewarding responses to drugs of abuse and 

seems to be involved in regulating complex emotional behaviours, setting individual motivational 
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levels, and orienting motivated behaviours towards prominently rewarding stimuli (Kandel et al., 

2014). The Δ-FosB sequence is conserved in zebrafish (Cates et al., 2014). 

AIM 

Thus, the aim of my project is to investigate whether chronic nicotine alters the rewarding 

properties of phenethylamines and to evaluate possible changes in addiction markers levels, using 

zebrafish as animal model. During the first part of this project I began to investigate possible 

alterations of the number of nicotinic subunits receptors, dopamine transporter, serotonin, and 

noradrenaline/adrenaline family, oxytocin (OXT) and vasopressin (AVP)known to be affected  in 

addiction pathway  

RESULTS 

In the first months at CNR, Institute of Neuroscience (Milan), my attention was focused on the 

evaluation of the nicotine pre-exposure on subsequent rewarding effects of 3,4-

Methylenedioxymethamphetamine (MDMA) using the Conditioned Place Preference (CPP) 

paradigm.   

At first, I evaluated nicotinic acetylcholine receptor expression in the brain using binding studies to 

confirm nicotine receptor upregulation. My results demonstrated that after 14 but not 7 days of 

nicotine exposure, there was a significant upregulation of heteromeric ([3H]Epibatidine) but not 

homomeric (
125

I-αBungarotoxin) nicotinic subtype receptors in whole zebrafish brains (Figure 1). 

 

 
 
 

 

 

 

 

 

 

 

Since after 14 days I have found an upregulation of nicotinic receptor subtypes, I tried to 

investigate, during nicotine abstinence, the gateway effect on MDMA reward. As shown in Figure 

2, 2 (Panel A) and 7 (Panel B) days after nicotine cessation, zebrafish, pre-exposed to nicotine, 

showed a greater sensitivity, in terms of difference of time spent in the drug-associated 

Figure 1: Zebrafish nicotinic receptors labelled with [3H]Epibatidine and 
125

I-αBungarotoxin evaluated 7 and 14 

days after nicotine cessation in whole brain. Data are expressed as percentage of controls (Ctrl). N=10 animals 

per group;  **p<0.001 vs control group (Ctr) ( Dunn’s test).  
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compartment during Post- and Pre-conditioning phase, compared to controls. Notably, MDMA was 

used at a subthreshold dose (0.1 mg/kg) since it was ineffective, in water exposed zebrafish, to 

induce CPP. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Then, at Queen Mary University (London), I investigated nicotinic/opioid receptors, components of 

the dopamine, serotonin, and noradrenaline/adrenaline family and oxytocin (OXT) and 

vasopressin (AVP) that could be changed in addiction pathway, using Real time PCR (QPCR). 

Immediately after nicotine exposure, zebrafish were sacrificed under anaesthesia, brains removed 

and frozen for subsequent evaluations. Preliminary results demonstrated that in nicotine pre-

exposed zebrafish α2, α5 and β4 nicotinic subtype receptors and serotonin transporter (SERT) are 

upregulated; in contrast, dopamine beta (β)-hydroxylase enzyme (Dbh), 5HTa serotonin receptor, 

alpha2-adrenergic receptor (adra2) and vasopressin (AVP) are downregulated. 

CONCLUSIONS 

These findings suggest that zebrafish appears an useful model to study  the effect of nicotine pre-

exposure on subsequent reinforcing effects of MDMA. In fact, nicotine pre-exposure increased the 

rewarding effect of MDMA together with biochemical alterations in subtype receptors density and 

some transporters. Future studies will be addressed to investigate glutamate receptors and 

Figure 2: Two-week nicotine exposure induced a greater sensitivity, compared to water exposure, to MDMA (0.1 

mg/kg/i.m.) rewarding effects, evaluated 2 (Panel A) and 7 (Panel B) days after nicotine cessation in the CPP 

task. Data are expressed  as mean ±SEM in terms of difference of time spent in the drug-associated 

compartment during Post- and Pre-conditioning phase. N= 10 animals per group. ***p<0,001, ****p<0,0001 vs 

corresponding vehicle; $$$ p<0,001. $$$$ p<0,0001 compared to the corresponding MDMA group, pre-exposed 

to water (2-way ANOVA, Bonferroni post hoc test). 
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relative transporters plus NF-kB, cFos, Δ-FosB and some Δ-Fos gene targets (CDk5 and its coactivator 

p35), to better understand the molecular mechanism underlying nicotine gateway. 
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