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A simple hypothesis:
Any addictive behavior depends on changes in electrical activity of specific brain regions
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Why dopamine neurons?

Addiction
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Behaviors produce by cocaine are modulated by dopamine neuron
activity

Behavioral sensitization

Cocaine self-administration

Relapse to cocaine seeking




The approach: whole cell patch clamp recordings

VTA dopamine neuron rendered in 3D




A fundamental cellular model of learning and memory:
long-term potentiation (LTP)
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Why LTP?
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Are drugs of abuse capable of producing LTP?

Cocaine i.p. recording sensitization
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A single injection of cocaine produces
a cellular memory
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Synaptic plasticity is long-lasting
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Passive versus active choice of taking cocaine

4) What about cocaine self-administration?




Self-administration training and
whole-cell recording schedule
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Cocaine, but not food self-administration produces LTP in the VTA
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Cocaine, but not food self-administration increases glutamate release
In the VTA during abstinence
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Time course of natural reward versus cocaine




Behavioral Paradigm

Rats are randomly assigned to CS+ or CS- group
and trained for 1 - 5 sessions.

10 s CS exposure

30-90 s inter-trial interval 30-90 s inter-trial interval

T Sucrose pellet delivery

*All rats receive 32 trials per behavioral session

*CS- rats receive the exact same exposure to standli
sucrose pellets except pellet delivery is not cagygnt upon
CS presentation.




Cue-reward associations develop gradually
over multiple conditioning sessions
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AMPA/NMDA ratio is transiently elevated during reward learning

CS+ group

CS- group k\‘
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AMPA/NMDA ratio Is transiently
elevated during reward learning

synapse behavior
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The time course of LTP
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The time course of LTP
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The time course of LTP

Cocaine self-administration -
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Conclusions

- Long-term potentiation (LTP) is a long-lasting increase in synaptic activity

- LTP represents a fundamental cellular phenomenon underlying normal
learning and memory processes

- A single cocaine exposure produces LTP, lasting about a week

-Natural rewards (food, sucrose) produce short-lasting LTP (1-3 days)

-Cocaine self-administration produces a persistent form of cellular memory,

lasting at least 3 months
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