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What substances and when? 
What  
• Nicotine 
• Alcohol 
• Cannabis 
• Opiates 
• Stimulants 

– Cocaine 
– Methamphetamine 
– Amphetamine 

• Ecstasy 
• Benzodiazepines 

 
 

When 
• Prevention 

– starting 

• Substitution 
• Detoxification 
• Relapse prevention 
• Complications 

– Preventing 
– Treating 
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How is pharmacotherapy 
developing?  

• Understanding more about neurobiology 

• Using medications with other licensed 
indications but have ‘appropriate’ 
pharmacology. 

• Different ways of delivery 
– Implants eg naltrexone (Hulse et al 2009) 

• Less about serendipity 

 



  

NAC 

        
       
    
cocaine, 
amphetamine
alcohol,  
opiates,  
nicotine,   
cannabinoids, 
MDMA 
 

Dopamine. 
• Acutely, increase in dopamine  
• Low dopamine D2 receptors associated 
with drug-‘liking’, impulsivity 
• Chronically, dopaminergic hypofunction     



Dopamine &  
pharmacotherapy for addiction 

Block DA-ergic 
function to prevent 
‘high’ 

• D2 antagonists 
– Antipsychotics 

• First generation 

• Second generation 

• D3 antagonists 

Boost DA-ergic function 
to reduce dysphoria, 
irritability 

• DA-ergic ‘agonists’  
– bromocriptine 

– disulfiram 

– methylphenidate 

 

 





Dopamine &  
pharmacotherapy for addiction 

Block DA-ergic 
function to prevent 
‘high’ or drug seeking 

• D2 antagonists 
– Antipsychotics 

• D3 antagonists 

Boost DA-ergic function 
to reduce dysphoria, 
irritability 

• DA-ergic ‘agonists’  
– bromocriptine 

– disulfiram 

 

What about partial agonists? 
Can act as agonist or antagonist depending on state of 
dopaminergic system. 
Some but not all early studies show promise 



• 12 weeks, 295 pts  

• 2mg titrated to 30mg by 28days 

• Primary endpoint: % days abstinent 
– No difference between groups 

– But higher rate of discontinuation & side effects in 
aripiprazole group (>15mg) 

• Secondary endpoints:  
– However aripiprazole group had lower CDT (an LFT), 

less severe dependency, fewer drinks/drinking day 



Increase in amphetamine +ve urines with aripiprazole. 
Reduction with methylphenidate 



Other partial agonists – provide a 
mix of boosting and blocking 

• Buprenorphine 
– Partial mu opiate agonist, kappa antagonist 

 

• Nalmefene 
– Mu opiate antagonist but is also some evidence 

that it is a partial agonist at kappa receptor 
• Kappa agonists are psychomimetic 
• Stimulating kappa receptor can reduce cocaine 

consumption in preclinical models. 
 

• Varenicline 
– Nicotine, smoking cessation 

 



Cocaine and stimulants 

• Over 60 medications tried  
• Some still actively being investigated 

– Modafinil 
• Glutamate enhancer 

– Atomoxetine 
• Noradrenaline reuptake inhibitor - substitution 
• ADHD 

– Topiramate 
• Anticonvulsant 



Variable antibody response If >43mcg/ml, more cocaine  
Need boosters   free urine 



  

NAC 

Dopamine system is 
modulated by other 
neurotransmitters: 
 
GABA – inhibitory on 
dopamine neuron 
 
Opioids – inhibitory  
on GABA-ergic 
neuron 

Drugs of abuse increase dopamine 
concentration in the nucleus accumbens of 

the mesolimbic system  

   



GABA  

VTA 

DA Nucleus 
accumbens + 

GABA function in the VTA 

• Increasing GABA inhibitory activity 
• GABA-B receptor - baclofen is agonist  

• pre-clinical reduces consumption and response to 
cues – heroin, cocaine, alcohol 
• clinical – alcohol, cocaine 
 

• other drugs that increase GABA levels have 
similar effect – alcohol, cocaine 

• tiagabine, vigabatrin, gabapentin, topiramate 



The dopamine reinforcement pathway: 
where substances of misuse interact. 

DA Nucleus 
accumbens 

GABA  

VTA 

• opiates (mu) 
• alcohol (via opiate mu)  
• nicotine 
• cannabis (CB1) 
All inhibit GABA neuron 
leading to increased DA-
ergic neuronal firing. 

Naltrexone blocks the mu 
opiate receptor leading to 
reduced DA-ergic activity. 
 
Alcohol misuse – yes 
Other substances - ??? 



Naltrexone significantly elevates activity during decision-
making (immediate reward vs later reward) in the OFC:  
Same area previously shown to predict ‘later’ decision-
making 



Model proposing a network of four circuits 
involved with addiction: 

reward, motivation/drive, memory,  control 

  

Volkow 



Can we use drugs to unlearn 
maladaptive behaviours? 

New learning & anti-learning drugs  
• e.g. D-cycloserine & other glutamatergic agents 

 
 Augmentation of Exposure Therapy 

With D-Cycloserine for Social 
Anxiety Disorder  

Hofmann et al 2006 

Cognitive Enhancers as Adjuncts to 
Psychotherapy: Use of D-Cycloserine 

in Phobic Individuals to Facilitate 
Extinction of Fear  

 

Ressler et al 2004 
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Ongoing trials  
Alcohol, nicotine, cannabis 

Issues: exposure, dose, frequency 

Can we use drugs to unlearn 
maladaptive behaviours? 



GABA-benzodiazepine receptors are involved 
in learning and memory. 
Different GABA-benzodiazepine receptors 
in different parts of the brain 

Sedation, amnesia, seizures  
 
 
Anxiety 
 
 
Anxiety 
 
 
 

Learning, memory 



A drug that works through alpha5 
subtype, 5IA, reverses alcohol’s 

amnestic effect in humans  

P<0.00
1 

Max score = 20  

Normal control 
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Nutt et al 2007 Neuropharmacology 



Alcohol detoxification. 



<3 >3 



Alcohol withdrawal – toxic time for 
brain – dysregulation in excitatory and 

inhibitory activity 

• increased excitation  

– NMDA receptor                               Ca2+ flux 

– L-subtype of Ca2+ channel 

                                                 hyper-excitability
             cell death 

• decreased inhibition 

– GABA-ergic activity 

– Mg2+ inhibitory system (NMDA receptor) 
 

 

    



Dead 

Alive 

Control Alcohol Withdrawal 

Hippocampal damage during 
alcohol withdrawal – CA1 
 

courtesy of Prendergast & Littleton 



Dead 

Alive 

Alcohol Withdrawal  
+ Acamprosate (200 mM) Control Alcohol Withdrawal 

Acamprosate and other ‘anti-glutamatergic’  
reduces this damage during alcohol  
withdrawal. 

courtesy of Prendergast & Littleton 

cell death also : 
reduced with other 

‘antiglutmatergic’ drugs 



ADEPT. 
 Alcohol detoxification in 
primary care treatment  

 
A feasibility study of conducting a randomised trial in 

primary care comparing two pharmacological regimens.  
 
Study Design: The study involves a randomised double-

blind placebo controlled trial comparing: 
– Usual medication (chlordiazepoxide) + thiamine + daily 

monitoring/contact + acamprosate with 
– Usual medication (chlordiazepoxide) + thiamine + daily 

monitoring/contact + an identical placebo 
 
 
Funded by ‘Research for patient benefit’, NIHR.  



Another strategy for alcohol detox 

• Stress - HPA, cortisol/corticosterone 
– Preclinical studies show increase in brain 

concentrations of the glucocorticoid, 
corticosterone after alcohol withdrawal 

 

• Involved in alcohol-induced brain damage? 

 

• Effects of glucocorticoid receptor (type II) 
antagonist. 
– mifepristone – reduces excitability, prevents 

memory deficit 

Courtesy of Hilary Little 



5X 

20X 

Control Alcohol 

withdrawal 

Corticosterone + 

alcohol withdrawal 

Mifepristone + 

corticosterone + 

alcohol withdrawal 

Effects of Mifepristone on Neuronal Damage in Organotypic 

Hippocampal Cultures 

 Corticosterone greatly increased the neuronal damage caused by 

   withdrawal of alcohol 

 

 Mifepristone (but not a Type I glucocorticoid receptor antagonist)  

  prevented this effect of corticosterone 

Collaboration with P. Mulholland and M. Prendergast, University of Kentucky 

Courtesy of Hilary Little 



Clinical trial of mifepristone in alcoholics 

MRC funded clinical trial in progress at the Institute of Psychiatry, 

with Colin Drummond and Abigail Rose 

 

Participants - alcoholics entering the Alcohol Unit for detoxification 

 

Treatment - mifepristone or placebo for two weeks from cessation 

of drinking 

 

Testing - BDI-II and CANTAB, plus other questionnaires 

 

 

 

 
Courtesy of Hilary Little 



Stress system: more targets. 
Relapse prevention 

 System Principle 

Corticotrophin releasing 
hormone 

 

CRH 1 antagonist 

NK 1 (Substance P ) 

 

NK 1 antagonist 

Nociceptin NOP agonist 

Neuropeptide Y Y2 antagonist 

Orexin OX1 antagonist 



Summary 
Lots of targets eg in time, neurotransmitter. 

Adapted from Heilig & Koob, 2007 

Dopamine/opioid      GABA/glutamate         stress systems 

Prevent damage 



Future directions? 

• Impact on reward pathway to learning, memory, 
decision making 
 

• Predictors for treatment efficacy 
– For many medications hard to find any in terms of patient 

profile 
– Pharmacogenetics  

• Naltrexone in alcohol misuse 
• Polymorphism of mu opioid receptor  

 

• Optimising interactions with psychosocial approaches 
 

• Polydrug misuse 
 

• Role for antagonists? 


