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The influence of L-glutamate and carbachol on burst firing of dopaminergic
neurons in ventral tegmental area

WANG Shan-Shan, WEI Chun-Ling, LIU Zhi-Qiang, REN Wei "
College of Life Science, Shaanxi Normal University, Xi’an 710062, China

Abstract: Burst firing of dopaminergic neurons in ventral tegmental area (VTA) induces a large transient increase in synaptic dop-
amine (DA) release and thus is considered the reward-related signal. But the mechanisms of burst generation of dopaminergic neuron
still remain unclear. This experiment investigated the burst firing of VTA dopaminergic neurons in rat midbrain slices perfused with
carbachol and L-glutamate individually or simultaneously to understand the neurotransmitter mechanism underlying burst generation.
The results showed that bath application of carbachol (10 umol/L) and pulse application of L-glutamate (3 mmol/L) both induced
burst firing in dopaminergic neuron. Co-application of carbachol and L-glutamate induced burst firing in VTA dopaminergic cells
which couldn’t be induced to burst by the two chemicals separately. The result indicates that carbachol and L-glutamate co-regulate

burst firing of dopaminergic neuron.
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Fig. 1. Carbachol induces burst firing in a VTA dopaminergic
cell. 4: Continuous current clamp recording from a represen-
tative cell showing that carbachol converted regular firing to
bursting, followed by a period of depolarization block and in-
tense bursting before complete recovery. B: Traces on expanded
time scales showing a regular (upper panel) and a burst (lower
panel) firing pattern. Note that regular firing typically has a low
frequency and each action potential is followed by a pronounced
afterhyperpolarization, whereas burst firing has a cluster of ac-
tion potentials fired at increasing frequencies followed by a steep

post-burst hyperpolarization.
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Fig. 2. L-gutamate induces burst firing in a VTA dopaminergic
cell. 4: Continuous current clamp recording from a representa-
tive cell showing that L-glutamate converted pre-condition to
bursting. One pulse of L-glutamate application induced a single
cycle of burst firing. B: Firing traces on expanded time scales
showing the burst firing pattern. The properties of bursting are
similar to that induced by carbachol.
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Fig. 3. Co-application of carbachol and L-glutamate induced
burst firing in a VTA dopaminergic cell which couldn’t be in-
duced to burst by the two chemicals separately.
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