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In this talk… 

• Development of drug habits. 
 

• Impact of environmental cues. 
 

• Cue exposure therapy. 
 

• Extending the drug cue. 
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Development of a drug-seeking habit? 

Drug-associated stimuli come to drive drug seeking 
and ultimately drug use. 



Caudate putamen dopamine evoked by 
cocaine cues 

Volkow et al., 2006 Journal of Neuroscience 

Presenter
Presentation Notes
Brain maps obtained with SPM showing the difference in the distribution volume of [11C]raclopride between the neutral and the cocaine-cue conditions (p < 0.05, uncorrected, threshold >100 voxels). 




Stages in drug addiction 

1st  exposures 

Use 

Addiction 

Abuse 

Drug-associated 
Stimuli Goal directed: A-O learning 

Habits: S-R learning 

Presenter
Presentation Notes
During the last decades, our lab has developed the notion that a shift occurs in the psychological processes that control drug taking during the development of addiction. At the beginning of his drug taking history, the addict takes the drug because he seeks the enhancing properties of the drug. His behaviour is therefore under the control of action-outcome process since it is goal directed. However, when addiction develops, drug taking becomes habitual, triggered by environmental cues that have been asociated with the effects of the drug. The behaviour is at that time under the control of stimulus response process under which responses are less related with the effects of the drug. These two processes that contribute to the development of addiction are under pavlovian conditioned influences so that, in final stages of the development of the pathology, drug associated stimuli have more and more control over drug seeking and drug taking behaviours. At the neural systems level, Everitt & Robbins have hypothesized that this shift at the psychological level is associated with a ventral to dorsal striatum shift in the control over behaviour.
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Cocaine Self Administration in Rats 
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Assignment of Incentive Salience 
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Belin et al. 2009 

Presenter
Presentation Notes
Concept of transition from A-O to S-R and influence of pavlovian mechanisms. CSs come to elicit and maintain seeking – especially important role of Crfs which help bridge delays to reward during foraging. But how is the S-R nature of the seeking response tested?
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Presentation Notes
Concept of transition from A-O to S-R and influence of pavlovian mechanisms. CSs come to elicit and maintain seeking – especially important role of Crfs which help bridge delays to reward during foraging. But how is the S-R nature of the seeking response tested?



The other dopamine pathway 

Presenter
Presentation Notes
Artificially activates the brain’s natural reward pathways.



Working neurological model 

Use                                                              Addiction 

Belin et al. (2013) Current Opinion in Neurobiology 



Circuitry recruitment… 

• Begin on FR1 
 
 
 

• Gradually move up to FI15(FR10:S) 
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Blocking DA receptors in the dorsal striatum  
during goal-directed and habitual cocaine seeking 
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Murray et al., 2012; Neuropsychopharmacology 

 
FI15(FR10:S) 

Blocking DA receptors in the dorsal striatum  
during goal-directed and habitual cocaine seeking 



Instrumental learning in addiction 

1. Action-Outcome: Goal-directed drug seeking and taking 

Reinforcer Response 

2. Stimulus-Response: Habitual drug seeking and taking 

Stimulus Response Reinforcer 

Stimulus 

differential effects of reinforcer devaluation 

Presenter
Presentation Notes
Classically by reinforcer devaluation eg easily done with food.



Prolonged training and the development of a S-R habit: 
resistance to reinforcer devaluation 
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Adams & Dickinson 1981 

N – not devalued 
D - devalued 

Early after 
acquisition 

N      D 
When well 
established 

Presenter
Presentation Notes
Note in red colums, what you see and what you measure – instrumental responses – look the same. But this probe of devaluation shows the associative structure underlying instrumental behaviour is different in the 2 situations, A-O in former, S-R in the latter. What about iv drug?



Cocaine seeking-taking chained schedule 
 

 
 
 
 
 

seek 

1) seeking lever RI2s 

2) taking lever FR1 

take 

seek 
3) seeking lever RI120s 

 

cocaine 

Inside 

operant chamber 

Zapata, Minney & Shippenberg, J. Neurosci 2010 
from: Olmstead, Lafond, Everitt & Dickinson 2001 

Devaluation:  
Extinction of the  
taking link 

Presenter
Presentation Notes
Explain seeking link untouched. Change in seeking can only be mediated by representation of value of goal.
Thirteen 2-hr extinction sessions on the taking lever!!!



Cocaine seeking is resistant to reinforcer 
devaluation – habitual –  

after a long, but not brief, cocaine taking 
history 

Zapata, Minney & Shippenberg, J. Neurosci 2010 
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Conditioned Stimuli – Conditioned Reinforcers 

Willuhn et al, 2012, PNAS 



Conditioned Stimuli – Conditioned Reinforcers 

Drug-associated stimuli come to drive drug seeking 
and ultimately drug use. 



‘Needle Freaks’ 
“When you are new to injecting you start to sort 
of feel the hit as soon as the needle hits your skin 
even though it can not have possibly entered your 
blood stream or hit your brain, you do feel it and 
they call that needle buzzing. It is so strong; it is like 
the buzz itself before it actually hits you.” 
          -Male, 41 years old, amphetamine injector, 7 years injecting 

 
 
 
 
 

McBride et al, 2001, Addiction 



Cue-exposure therapy 
• Exploits association between interoceptive 

unconditioned/rewarding drug effects and 
exteroceptive stimuli that have been associated 
with those effects. 



Cue-exposure therapy 
• Exploits association between interoceptive 

unconditioned/rewarding drug effects and 
exteroceptive stimuli that have been associated 
with those effects. 

Extinguish stimuli associated with the 
unconditioned/rewarding/reinforcing effects of drug 



Urge to use 

? 



Extinction 



Extinction 

Niaura et al., 1999, Addiction 



Extinction 

Niaura et al., 1999, Addiction 



Cue-exposure therapy 

Monti & MacKillop, 2007, In: Translation of Addictions Science into Practice 



‘Threats to extinction’ 

• Renewal – context specific 
 

• Reinstatement – cue/drug/stress 
 

• Spontaneous recovery – time as context 
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Cue-exposure therapy 
• Exploits association between interoceptive 

unconditioned/rewarding drug effects and 
exteroceptive stimuli that have been associated 
with those effects. 



Drug is more than reward or reinforcer 



Drug states as stimuli 
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Drug states as stimuli 



Drug can serve as an interoceptive CS 

 



Pavlovian Drug Discrimination 

Nicotine 
or 

 
 
 
 

Saline 



Measure 
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20 min 



Pavlovian Drug Discrimination 

Murray & Bevins, 2007, Eur J Pharmacol 
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Nicotine Conditioned Stimulus 



Drug can act like an exteroceptive CS 

• Cue competition - Overshadowing  

Train Together                                          Test Separately 



Compound Acquisition 
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Element Testing 

Test Day 1
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Alcohol exposure therapy 

Sitharthan, Sitharthan, Hough, & Kavanagh (1997) Cue 
exposure in moderation drinking: A comparison with 

cognitive-behavior therapy. Journal of Consulting and 
Clinical Psychology, 65:878-882. 

Rankin, Hodgson, & Stockwell (1983) Cue exposure 
and response prevention with alcoholics: A controlled 
trial. Behaviour Research and Therapy, 21:435-446. 



Alcohol exposure therapy 

Sitharthan et al., 1997, J Consult Clin Psychol 



Pharmacokinetic contributions 

       Tonic  

Waters et al, 2004, J Consult Clin Psychol 



Pharmacokinetic contributions 

       Phasic 

Shiffman et al, 2003, Psychopharmacology 
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In summary… 

• Development of drug habits. 
 

• Impact of environmental cues. 
 

• Cue exposure therapy. 
 

• Extending the drug cue. 
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