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About the work 

Smoking is one the leading causes of preventable mortality and health-related economic 
burden. It is intimately related to appetitive behaviors with relevant gustatory determinants and, 
thus, a deeper understanding of gustatory processing, particularly in terms of responses to 
nicotine, is an important objective in biomedical research.  
In fact, nicotine is described as bitter at low concentrations, such as those found in the saliva of 
smokers. It has also been shown to activate both peripheral taste nerves and taste responsive 
areas of the brain, such as the insular cortex. In these experiments we used Trpm5 knockout 
mice that are unable to taste bitter substances, to clarify the effects of nicotine on the taste 
system. Since these mice do not react to pure bitter substances, such as quinine, we 
hypothesized that they also would not be able to taste the bitterness of nicotine solutions. 
Taste responses to nicotine solutions were measured both in terms of behavioral preference for 
nicotine solutions and peripheral nerve (chorda tympani) responses to lingual stimulation by 
nicotine. Surprisingly, responses to nicotine in knockout mice were found to be only partially 
reduced, but not abolished as was the case for quinine. These findings confirmed the 
participation of a TRPM5-dependent pathway in taste transduction of nicotine. However, the 
mice could still sense something, suggesting that there should be an alternate taste pathway in 
play. 
Nicotinic acetylcholine receptors (nAChR) had previously been proposed as taste receptors for 
nicotine. To explore the role of such receptors, both normal and knockout mice then received 
mecamylamine, a nicotinic receptor blocker, while behavioral or chorda tympani responses were 
recorded. Under these conditions, responses to nicotine were inhibited, both in genetically 
modified and normal mice, demonstrating the existence of an alternate taste pathway for 
nicotine, that is nAChR-dependent and TRPM5-independent. To further support these findings, 
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we then used a different approach to show that nAChRs are in fact expressed in taste buds and 
in the CT nerve. 
To verify the relevance of this newly-described pathway for taste guided behavior, an 
experiment was then conducted in rats to test the effects of mecamylamine. Animals were 
trained to discriminate between nicotine and quinine solutions, presented at multiple, intensity-
paired concentrations in a two-alternative choice paradigm. In this paradigm, the animals could 
signal if they tasted a quinine solution or a nicotine solution, and they where rewarded when 
they responded correctly. While the rats responded correctly under baseline conditions, when 
mecamylamine was added to nicotine, the animals responded as if these solutions tasted more 
similarly to quinine. This effect was not reproduced when nicotine was replaced by water, thus 
suggesting that mecamylamine, which inhibits TRPM5-independent pathways, renders the taste 
of nicotine more similar to that of quinine, a purely TRPM5-dependent tastant.  
In other rats, neuronal activity was recorded from populations of neurons in the insular gustatory 
cortex while the animals consumed nicotine and quinine. We found that activity from the 
recorded neurons was sufficient for a mathematical model to discriminate between nicotine and 
quinine. However, consistently with previous findings, when mecamylamine was added to 
nicotine, neuronal responses to this tastant were rendered similar to those obtained with 
quinine, further showing that the two taste pathways were being used to guide the rats’ 
behaviors.  
Other authors had previously demonstrated the relevance of sensory responses to nicotine in 
the regulation of smoking-related behaviors. Importantly, increased peripheral sensitivity to 
bitter tastants was shown to protect from the development of addiction to cigarette smoke, 
suggesting a role for taste-related processes in the development and regulation of tobacco 
dependence. In this context, our finding of a nAChR-dependent taste pathway for nicotine was 
particularly interesting since nAChR-antagonists, which are administered as smoking cessation 
aids, have an impact on the sensory stimulation by cigarette smoke. We also showed the 
existence of a previously unknown link between peripheral nAChR-dependent pathways and 
sensory representation of nicotine in the gustatory cortex. The insular integration of peripheral 
nicotine taste pathways is also potentially relevant since there is evidence that, in humans, 
insular lesions may disrupt smoking. 
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