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Midbrain dopaminergic neurons (DA) are thought to con-
vey information about the rewarding or motivationally
relevant properties of external stimuli. Furthermore, evi-
dence has accumulated that dopamine signaling is
involved in the rewarding and aversive motivational prop-
erties of drugs of abuse, including nicotine. DA neurons
project from the ventral tegmental area (VTA) to various
structures including the nucleus accumbens (NAcc) and
the prefrontal cortex. Like other drugs of abuse, nicotine
increases dopamine levels in the NAcc. While nicotinic
acetylcholine receptors (nAChRs) are expressed through-
out the central nervous system, this increase has been
demonstrated to result from a direct stimulation of
nAChRs in the VTA [1]. Nicotine concentrations reached
during smoking activate and subsequently desensitize
nAChRs. However, the mechanism of how the dopamin-
ergic signal in response to nicotine exposure is con-
structed in the VTA remains elusive. Especially, in vitro and
in vivo recordings from the VTA during nicotine exposure
reach different conclusions about the underlying VTA cir-
cuitry and localizations of nAChRs in the VTA [2,3].

The VTA contains dopaminergic and GABAergic cells
which receive cholinergic input from the laterodorsal and
the pedunculopontine tegmental nuclei and glutamater-
gic input originating in part from the prefrontal cortex.
The response of DA neurons to endogenous acetylcholine
and exogenous nicotine is mediated by nAChRs expressed
on three different cell types: (i) on the DA neurons them-
selves, (ii) on the VTA GABAergic neurons, and (iii) on
glutamatergic inputs from various brain structures. VTA

DA neurons exhibit firing activities ranging from a slow
regular single-spike firing to a bursting mode. Interest-
ingly, the burst-firing mode generates a substantially
larger increase of DA release than regular spiking. We
describe the VTA by a neural network model which
accounts for the two main neuron populations in the VTA
– dopaminergic and GABAergic neurons, the local con-
nectivity between both, and the presence of specific
nAChR subtypes. We constructed both: (i) a population
activity model and (ii) a spiking neuron model of the
VTA.

Based on known activation and desensitization properties
of nAChRs, we investigate the DA neuron activity in the
VTA in response to nicotine exposures. We show that the
in vitro and in vivo data can be reconciled by changing the
afferent input strength but keeping the VTA circuitry
unchanged. These investigations allow us to make quali-
tative statements about the distribution and localization
of nAChRs. Beyond the reproduction of experimental data
on nicotine exposures, we use the model to make predic-
tions about how glutamatergic and cholinergic input to
the VTA is translated into changes of DA neuron activity
and how such processing is altered in the presence of nic-
otine. Moreover, we utilize the spiking neuron model to
disentangle the specific contributions of input pathways
to changes in regular spiking and bursting activity of DA
neurons. These investigations can help to understand how
the VTA contributes to the rewarding properties of nico-
tine.
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