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Environment and neuronal activity dependent midbrain dopamine neurotransmitter plasticity: Potential
new therapeutic approaches for midbrain dopamine imbalances
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0o much or too little midbrain dopamine neurotransmission causes symptoms associated with several prominent brain and

behavioral disorders (e.g. Parkinson’s disease, schizophrenia, depression, ADHD, OCD and drug addiction). We have recently
helped discover a new form of adult brain plasticity which presents as different numbers of dopamine neurons in mice and humans
exposed relatively briefly (days-weeks) to different environments. Specifically, we see 10-20% more or fewer midbrain dopamine
neurons in mice paired with the opposite sex for 1 week, or housed in enriched environments (EE; i.e. toys, running wheels, etc.)
for 2 weeks. These changes are dependent on neuronal activity because they can be induced solely by administration of ion-channel
agonists or antagonists directly into midbrain for 2 weeks, and EE-induction of more midbrain dopamine neurons is abolished by
blocking synaptic transmission in midbrain. Moreover, we have evidence that the same occurs in adult humans. Specifically, there are
4-fold more midbrain dopamine neurons in postmortem brains of people who died in summer compared with winter, and this occurs
without any changes in the total number of midbrain neurons or markers of cell death. Most recently, we have obtained evidence
indicating this environment-induced ‘midbrain dopamine neurotransmitter plasticity’ affects midbrain dopamine-dependent
behavior in adult mice. Together, our data suggest that exposing patients exhibiting symptoms of midbrain dopamine imbalances to
appropriate environmental stimuli might help alleviate those symptoms. Furthermore, uncovering cellular and molecular mechanisms
of midbrain dopamine neurotransmitter plasticity might lead to new drug-based therapeutic approaches.
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