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Memory originates from experiences and establishes the uniqueness of our personal history, as it affects all 

aspects of our life such as the way we think, feel and behave. However, we do not remember all of our 

experiences, as many quickly drop into oblivion, while others last as long as life endures.. Strong evidence 

indicates that emotion attains a privileged status in memory, as emotionally arousing events, whether good 

or bad, are remembered more accurately, clearly and for longer periods of time than neutral ones. However, 

in recent years long-lasting memories for aversive experiences have drawn significant interest, because the 

disruption of one or more elements of their processing may result in intrusive memories, hence triggering 

maladaptive responses that can form the basis of various psychiatric disorders. By understanding the 

neurobiology of emotional memory, insights can be gained into how it functions normally and how it may be 

disrupted in the case of the illnesses cited above, ultimately leading to better treatments for vulnerable 

patients. In animals, fear-motivated learning tasks have largely contributed to the knowledge of memory 

extinction, and are considered a valuable translational model for investigating disorders such as phobias, 

anxiety and PTSD. Extinction forms the basis of exposure therapy, that is currently the gold standard 

treatment for these disorders. Drugs promoting fear extinction could represent a novel therapeutic strategy 

to treat these disorders. Carbonic anhydrases (CAs, EC 4.2.1.1) are metalloenzymes present in mammals with 

sixteen isoforms that differ for catalytic activity as well as for cellular and tissue distribution. They catalyze 

the conversion of CO2 to bicarbonate and protons, and are involved in a number of physiological processes, 

including learning and memory. Here, we report that the integrity of CAs activity in the brain is necessary for 

the consolidation of fear memories extinction. We found that systemic administration of acetazolamide, a 

CAs inhibitor immediately after the extinction session, dose-dependently impaired the expression of fear 

memory extinction of rats trained for contextual fear conditioning.  D-phenylalanine, a CAs activator, 

displayed an opposite action, whereas, C18, a membrane impermeable CAs inhibitor and thus unable to 



reach the brain tissue, had no effect. Acetazolamide impaired extinction also when infused locally into the 

ventromedial prefrontal cortex, basolateral amygdala or hippocampal CA1. Extinction was not impaired 

when acetazolamide was infused locally into the pars compacta of substantia nigra. Moreover, systemic 

administration of acetazolamide immediately after the extinction training session modulated c-fos 

expression at retention test in the ventromedial prefrontal cortex of rats trained for contextual fear 

conditioning. These findings reveal that the engagement of CAs in some brain regions is essential for 

providing the brain with the plasticity necessary to ensure the consolidation of extinction of emotionally 

salient events. These results are the first demonstration that brain carbonic anhydrases modulate fear 

memory extinction: their inhibition impairs their activation potentiates extinction. Thus, carbonic anhydrases 

activators may have the potential of improving clinical efficacy of exposure-based treatments of obsessive–

compulsive disorders, phobias, generalized anxiety and PTSD. 

 

 

  

La Società Italiana di Farmacologia dichiara che i dati personali comunicati dall’utente sono trattati in 

conformità alle disposizioni del D. Lgs. 196/2003, così come modificato dal D. Lgs. 101/2018, ed alla 

normativa comunitaria (Regolamento UE 2016/679) secondo quanto indicato specificamente 

nell’informativa privacy reperibile sul sito internet della Società all’indirizzo: 
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