
 

New insights into nicotine's effect on reward
pathways
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Nicotine, alternate molecular skeletal 2D rendering showing the 3D
conformation of its ring at lowest energy in actual space. Credit: Public Domain

Northwestern scientists have discovered new mechanisms used by
nicotine to manipulate the brain's reward pathway—findings which
could inform the development of future anti-addiction therapies.
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Ryan M. Drenan, Ph.D., associate professor of Pharmacology, was the
senior author of the study, published in Cell Reports.

"Identification of the detailed mechanisms by which nicotine alters brain
circuitry is a major priority," Drenan said. "We all understand the
detrimental effects of cigarettes and other tobacco products. But
electronic cigarette usage is also on the rise with adolescents, which is
problematic, in part, because nicotine exposure may act as a gateway to
drug misuse later in life."

Nicotine is known to exert its major reinforcing effects through
interactions with receptors in specific cell types—dopamine and GABA 
neurons—in an area of the brain called the ventral tegmental area
(VTA).

Previous research suggested that a third population of cells, VTA
glutamate neurons, might play a role in reward and reinforcement. But
whether these neurons respond to nicotine, or are involved in nicotine
dependence, remained unknown.

In the current study, the team of scientists demonstrated that receptors
for nicotine—called nicotinic acetylcholine receptors (nAChRs)—are
functionally expressed in VTA glutamate neurons. The team also showed
a previously unknown functional role for these receptors in modulating
cell-cell communication with the VTA. The findings establish the
neurons as an additional target of nicotine in the brain's reward pathway.

"Our results add an additional signaling node to the model we use to
think about nicotine's action on reward and reinforcement," Drenan
explained. "By adding a previously-unknown component of nicotine's
effect on these circuits, we've expanded the possibilities for the
development of drugs for anti-addiction indications."
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The study's findings also add to the understanding of how modulatory
neurotransmitters, such as acetylcholine, work in the normal brain,
Drenan added. "This underlying process could be important for normal
dopamine signaling that is perturbed in such things as mood disorders
and schizophrenia," he said.

The co-first authors of the paper were Yijin Yan, Ph.D., research
associate; Can Peng, Ph.D., postdoctoral associate; Matthew C. Arvin,
PharmD, a graduate student; and Xiao-Tao Jin, Ph.D., research
associate, all of Drenan's laboratory.

  More information: Yijin Yan et al. Nicotinic Cholinergic Receptors
in VTA Glutamate Neurons Modulate Excitatory Transmission, Cell
Reports (2018). DOI: 10.1016/j.celrep.2018.04.062
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