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Introduction: Alcohol abuse is the most prevalent substance-use disorder worldwide. Dopaminergic projections from the ventral 
tegmental area (VTA) to multiple brain areas, such as nucleus accumbens (NAc) and prefrontal cortex (PFC), are strongly 
implicated in reward-related behaviours. In particular, projections to NAc encode the rewarding sensation associated with drugs 
of abuse. Neuroadaptation in this system underlies the formation of compulsive drug-seeking behaviours. Conflicting reports are 
present in the literature on the neural alterations induced by voluntary EtOH consumption. Converging evidence indicates that 
prolonged stimulation of the dopaminergic reward system leads to compensatory response of the system (“hypodopaminergic 
state”). On these premises, we studied the neurophysiological alterations induced by voluntary EtOH drinking and how this 
affects the response to acute EtOH perfusion of VTA dopaminergic (DA) neurons.

Materials and methods: To study this process, we performed ex vivo electrophysiological experiments on mice expressing the 
Green Fluorescent Protein in dopamine neurons (TH-GFP) and previously exposed to a voluntary alcohol drinking paradigm 
(“drinking group”) vs EtOH-naive mice (“control group”). Prior to the drinking paradigm, a set of behavioral tests were run 
to evaluate overall motor activity (open field), anxiety (elevated plus maze) and hedonic tone (sucrose preference) in order to 
identify a behavioural phenotype prone to alcohol consumption. At 6weeks of age, mice were individually housed in cages with 
two bottle tubes: one filled with water and the other with increasing concentration of EtOH (3%, 6%, 12%, 4days each). For 
control group, naive mice had access to two bottles both filled with water. 
After chronic EtOH exposure, electrophysiological recordings on acute brain slices were performed to determine the electrical 
activity of VTA DA neurons. The following parameters were measured to study the remodeling of intrinsic and network properties 
induced by voluntary EtOH intake: spontaneous firing rate, passive membrane properties, hyperpolarization-activated currents 
(I) amplitude and spontaneous excitatory/inhibitory synaptic activity. In addition, the response to 40 mM EtOH perfusion was 
also measured during recordings.

Results: Our data show that there is no difference in passive membrane properties, or I amplitude between groups, while we 
see that chronic EtOH exposure increases the tone of synaptic inhibition. Moreover, acute 40 mM EtOH perfusion, on the 
one hand, significantly increases both spontaneous inhibitory postsynaptic currents (sIPSCs) amplitude and frequency in naive 
mice, on the other hand, no EtOH-induced increase in sIPSCs frequency and amplitude was observed in the drinking group. 
Finally, the EtOH-induced increase in firing rate is significantly larger in EtOH-exposed mice.

Discussion and conclusions: Together these data suggest that chronic EtOH exposure, while not modifying the passive 
membrane properties of VTA DA neurons, leads to a permanent potentiation of GABA transmission. This is consistent with the 
evidence that addictive states are associated to a hypodopaminergic tone. Finally, the reduced GABA response may represent 
a compensatory mechanism aimed at potentiating the effect of single EtOH dose thus relieving the hypodopaminergic state. 


