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Course of alcohol/drug 
use, harmful use, addiction

‘recreational’ use, 
causes no/limited difficulties: 

majority of population
Increasingly 
regular use:-
‘like’ to ‘need’:
in fewer people

Spiralling to 
addiction:
smaller number

Increasing problems

‘lack of control’



Social, 
environmental factors

Drug factors

Personal 
factors eg
genetic, 
personality 
traits, 
psychological 

Elements involved in 
alcohol/drug use and 

addiction



Pre-existing 
vulnerability

Family history

Age 

Drug exposure

Compensatory 
neuroadaptations

to maintain 
brain function

Resilience

Cycles 
of remission 
and relapse

Recovery: 
sustained

?

?

The brain: from use to addiction:



Neto D et al. Alcohol and Alcoholism 2007;42:604-609
Dennis et al Evaluation Review 2007; 31: 585-612

Relapse in Addiction:
Improving relapse prevention by understanding its 
underpinning neurobiology



Using fMRI and neurocognitive tasks to assess 
brain responses involved in relapse in addiction: 
: reward, impulsivity, negative emotions
: modulation by dopamine D3, NK1, opiate antagonists 



Assessing function in the mesolimbic reward 
pathway with fMRI:

Cue               Delay            Target   Feedback       ITI              Cue

8 - 12 
seconds

ventral 
striatum

Reward > neutral

Monetary Incentive delay task - anticipation of winning money

Knutson et al 



HC=Healthy Control,  AD=abstinent alcohol dependent, 
PD=abstinent polydrug (alcohol, cocaine, opiate) dependent

Blunted activation of reward pathway during 
anticipation of winning money in abstinent addicts



Higher activity in reward pathway during 
anticipation of winning money is associated with 
abstinence at 1 yr follow-up:
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Paterson et al



HC=Healthy Control,  AD=abstinent alcohol dependent, 
PD=abstinent polydrug (alcohol, cocaine, opiate) dependent

Placebo
DRD3

• DRD3 antagonism ‘normalises’ response in addiction
– Presynaptic D3 receptor – increase dopamine
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NK1 antagonism (aprepitant) also significantly 
‘normalises’ blunted reward anticipation in alcoholism 

but not healthy controls or polydrug addicts.

Paterson et al 



Nestor et al Addiction Biology 2016



x=-24 mm y=5 mm z=2 mm• Non-treatment seeking alcoholics during alcohol infusion - salient
• Pre-treatment with nalmefene reduced brain responses in the striatum 

during anticipation of monetary reward



Reward? 



Treatment with naltrexone for 7 days attenuates heightened 
brain responses in ventral striatum to alcohol cues in 
individuals with alcoholism. (Myrick et al Archives Gen Psych 2008)

See also Schacht et al & Lukas et al 2013 for similar results

 Cue-elicited activation of ventral striatum was most frequently 
correlated with behavioural measures and most frequently 
reduced by treatment. (Schacht et al Addiction Biology 2012)



Bach et al Addiction Biology 2020

Left Putamen

Treatment with naltrexone reduced cue reactivity (CR) at week 2 compared with 
standard treatment in left putamen.
Naltrexone prevents ‘incubation’ of cue-reactivity response.  

Higher baseline cue reactivity and increase in cue 
reactivity (CR) associated with shorter time to severe 
relapse 

Naltrexone only modulated cue reactivity (CR) in those 
with positive cue reactivity ie alcohol > neutral cue



Summary: Reward.

• Monetary incentive delay task
• Anticipation of reward

• Addiction is associated with 
blunted brain response in 
striatum

• However those with ‘normal 
response’ remained abstinent 
compared with those with 
blunted response who relapsed  

• ‘normalised’ by DRD3 
antagonist (increases 
dopamine), NK1 antagonist

• Modulation by nalmefene in 
presence of alcohol but not 
naltrexone without alcohol

• Cue reactivity studies
• Brain responses in mesolimbic 

system including PFC. 
• Addiction associated with 

greater responses to cues 
compared with healthy controls 

• Attenuation by 
• Naltrexone
• Baclofen 
• Odansetron
• (Acamprosate)



Regions of brain involved in different stages:
- binge/intoxication 
- withdrawal/negative affect 
- preoccupation/anticipation ‘craving’

Koob & Volkow



Assessing neurocircuitry involved in ‘top-down’ 
inhibitory control with fMRI: go-nogo task



Deletion of mu opioid 
receptor reduces motor 
impulsivity in mice. 
(Olmstead et al 2009)

Do opioids modulate 
prefrontal cortical 
processes?

Impact of naltrexone?

Assessing neurocircuitry involved in ‘top-down’ 
inhibitory control with fMRI: go-nogo task



Brain responses to successful ‘no-go’ or ‘stops’
• Naltrexone increased brain responses in orbitofrontal cortex in 

abstinent alcoholics. (similar to Boettiger et al Pharmacol Biochem Behav. 2009)

• No significant effect in controls or polydrug dependence

Nestor et al 2019 Addict Biol



Nestor et al (2018) Eur J Neuroscience

Is greater response a marker of 
successful abstinence?

Greater response in frontal pole/inferior frontal gyrus and anterior 
cingulate during inhibiting response in abstinent alcoholics but not 

polydrug dependence:
greater response associated with longer abstinence



HC=Healthy Control,  AD=abstinent alcohol dependent, 
PD=abstinent polydrug (alcohol, cocaine, opiate) dependent

• Significantly higher BOLD response 
in abstinent polydrug dependence 
but not in alcoholics compared 
with healthy controls

• No significant impact of DRD3 
antagonism

• PET studies of DRD3 availability 
show positive relationship with 
impulsivity in cocaine addiction 
and gambling but not 
alcoholism. 

Placebo
DRD3



Regions of brain involved in different stages:
- binge/intoxication 
- withdrawal/negative affect 
- preoccupation/anticipation ‘craving’

Koob & Volkow

Naltrexone +ve AD
DRD3 - no



Regions of brain involved in different stages:
- binge/intoxication, 
- withdrawal/negative affect, 
- preoccupation/anticipation ‘craving’.

KoobKoob & Volkow



Assessing amygdalar function with fMRI:
Emotional processing of aversive images

+

Selected neutral and aversive images from photo library
- did not choose any images with alcohol/drug

Neutral

Aversive

+

amygdala
Aversive > neutral



MNI152 x, y, z = -24, -16, -8
Z > 2.3, p < 0.05 (cluster corrected))

PD group, mixed effects analysis
Drug * group interaction

hippocampus amygdala/hippocampus 

amygdala

NK1 antagonism attenuates enhanced BOLD response to aversive stimuli in 
polydrug dependence, but not in alcohol dependence 

% BOLD signal change in L amygdala

P<0.05

% BOLD signal change in hippocampus

P<0.05

p=0.023

Amygdala effect correlates with STAI 

Paterson, Flechais in prep

Follow-up study now in methadone maintained addicts pre and post detox



Neuropharmacology and brain regions associated with 
withdrawal and negative emotional states in addiction: 

targets for treatment.
The ‘reward’ system:
reduced dopamine and mu 
opioid function

From Koob, Biol Psychiatry 2020 87(1):44-53.

The ‘stress’ system: increased 
activity in many including kappa 

opioid (dynorphin), noradrenaline 
(arousal system) CRF (stress) etc

Dysregulation in amygdala is key





Neurobiological basis of opiate withdrawal: 
the locus coeruleus & noradrenergic ‘storm’

Opioid stimulation of inhibitory mu opiate 
receptor → upregulation of cAMP to maintain 
noradrenergic function

In absence of opioid → overactivity 
noradrenergic neuron

Lofexidine: 
α2 agonist



2008

Preclinical evidence building from 1950s about role 
of adrenergic overactivity in opiate withdrawal to 
lofexidine being licensed in UK in 1992

But unavailable in the UK since 2018
- Fewer opiate detoxes performed?

Approved in US in May 2018

Lofexidine: 
a2-adrenergic agonist to treat opiate withdrawal 



Baclofen reduces 
naloxone induced 
withdrawal in morphine 
tolerant rats.

Riahi et al 2009

Role for GABA-B: baclofen (agonist)
Intracellular recordings from PAG in morphine dependent rat:
clonidine and baclofen reverse naloxone induced depolarisation

Chieng & Christie 2006



STUDY KRYSTAL 1992
AKHONDZAHEH 2000 & 
AHMADI-ABHARI 2001 ASSADI, 2003

Country US Iran Iran 

Number 5 62 40

Setting Inpatient Unclear Outpatient 

Design Open RCT RCT

Treatment stage Detoxification: 
methadone stopped 
abruptly

Detoxification: stopped 
illicit use; no OST

Relapse prevention after 
opiate detox

OST and dose Methadone 
21 + 4.2 mg/day

None None

Baclofen dose:
(divided doses)

68.0 +13mg/d; (max 
<80mg/d 

40mg/d 60mg/d

Comparator None Clonidine Placebo

Outcome 2/5 participants 
completed baclofen 
protocol; completers had 
less opiate withdrawal

Baclofen showed promise 
treating ‘physical and 
mental’ symptoms

Baclofen resulted in better 
treatment retention, less 
withdrawal, depressive 
symptoms but not fewer 
+ve opiate urines

Clinical studies: some evidence to support utility of baclofen in 
treating opiate withdrawal and relapse prevention 
- anxiolytic, sedative, (restless legs)



Study 1: assess safety of combining methadone (<120mg/d) 
+ baclofen (< 90mg stat) 
Study 2: a proof-of-concept trial that baclofen is effective in 
supporting detoxification from methadone in opiate-
dependent individuals

Anne Lingford-Hughes with 
• Louise Paterson, Dominic Barker
• Sue Paterson, Limon Nahar (Toxicology)
• Imperial College CTU,  
• Suzie Cro (IC ICTU), Pavel (Cambridge) (Statisticians)
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MRC funded 

FORWARDS 
Facilitating Opiate Recovery: Withdrawal and 
Abstinence through Detoxification Support. 



40-49yr
30-39yr

50-59yr

• Rates rising in ‘older individuals’
• Role of chronic opioid exposure?



Lower GABA-B 
sensitivity in alcoholism.

• No difference in PK but substantial differences in 
subjective effects 

PK PD
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Motor-evoked potential (MEP) 
is a biomarker of GABA-B 
receptor-mediated cortical 
inhibition

 was significantly higher in 
the alcohol use disorder 
group ie less inhibition



Greater abstinent days at 12w in patients with higher baseline 
anxiety levels compared to those with lower baseline anxiety levels. 



1997

1980s current
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Thank you

Questions?
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