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Substance abuse

the general hypothesis:
Any addictive behavior depends on changes in electrical activity of specific brain regions

Genetic background

Environmental stimuli



Why dopamine neurons?

Addiction

Apathy/motivation  Depression 

Aggressive behaviors     

Sexual, appetitive behaviors  Reward Deficiency Syndrome

Parkinson’s disease               ADHD  

Schizophrenia Dementias

Working memory



My second wife
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A fundamental cellular model of learning and memory: 
long-term potentiation (LTP) 



Are drugs of abuse capable of producing LTP?

Cocaine i.p. recording
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The increase in the AMPAR/NMDAR ratio is long-lasting

Ungless et al., Nature (2001)



4) What about cocaine self-administration?

Passive versus active choice of taking cocaine



Surgery

5 days recovery
Food deprivation 

on last 2 days

2 overnight 
food training

10 – 14 days cocaine self-
administration training

(0.25mg/kg/inf)

Sacrifice and 
recording

19-28 days withdrawal

Sacrifice and 
recording

Self-administration training  and 
whole-cell recording schedule

Chen et al., Neuron (2008) 



Cocaine, but not food self-administration produces LTP in the VTA 
during abstinence 
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Chen et al., Neuron (2008) 
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****

Cocaine, but not food self-administration increases glutamate release 
in the VTA during abstinence 
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Chen et al., Neuron (2008) 



Can we reduce cocaine self-administration and thus synaptic 
plasticity?

Question: 



Cue-induced relapse to cocaine is blocked by intra-VTA 
injection of selective inhibitor of AMPAR-GluR2-lacking 

subunits



AMPAR antagonists are used in clinical trials

Bowers, Chen and Bonci. Neuron, invited review
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Functional consequences of increased AMPAR activity
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Pathway specific control of  glutamate 
afferents

AAV‐CaMKIIa‐ChR2‐EYFP:



ChR2 expressing neurons

Garret Stuber  

BLA

PFC

VTA

Acc

PFC

LH



Garret  Stuber

BLA Acc

1. Inject the AAV containing the CaMKIIα promoter

2. Wait about 3 weeks

3. Record or perform in vivo expp.



Acquisition of BLA‐to‐NAc Optical ICSS in 
freely moving mice

**

Mice readily learn to nosepoke for optical stimulation in a single 1 hr session.

Stuber et al., under revision



PFC to BLA stimulation

Kim Kempadoo, Garret  Stuber

PFC Acc

1. Inject the AAV containing the CaMKIIα promoter

2. Wait about 3 weeks

3. Record or perform in vivo expp.



mPFC‐to‐NAc transmission is not 
reinforcing

ChR2‐mediated firing in mPFC

Glutamate mediated EPSCs can be 
evoked directly under guide cannula in the  NAc

Stuber et al.,under revision
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