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Addiction Is a Brain-Based Disorder





Substance Mechanism of Action

Alcohol GABA, opioid agonist; NMDA antagonist

Cocaine Blocks re-uptake of dopamine

Amphetamines Stimulate dopamine (norepinephrine) release

PCP, ketamine 
(Psychedelics)

NMDA antagonist

Opioids Mu, delta, and kappa agonism

Cannabis CB1 and CB2 agonist

MDMA 5HT release and re-uptake inhibition; mild DA  and NE 
reuptake inhibition

LSD 5HT2a agonism leading to increased glutamate?

Addiction Pharmacology



Möhler, H. The rise of a new GABA pharmacology. Neuropharmacol. 2011;60:1042–1049.

Barbiturates
Alcohol
Benzodiazepines
Anticonvulsants

GABA Receptor



NMDA Receptor

Antagonists:
PCP (Phencylcidine)
Ketamine
Dextromethorphan
Memantine
Amantadine
Methadone

Psychedelics
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— pleasure
— reward
— reinforcing behavior
— substance misuse
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Neurochemistry of Reinforcement



Neuroanatomy of Reinforcement

• The Ventral Tegmental Area 
(VTA)-nucleus accumbens 
pathway is activated by all 
drugs of dependence 
including alcohol

• This pathway is important not 
only in drug dependence, but 
also in essential physiological 
behaviors such as eating, 
drinking, sleeping, and sex 

Photo courtesy of the NIDA Web site. From A Slide Teaching Packet: The 
Brain and the Actions of Cocaine, Opiates, and Marijuana.
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Major Brain Circuits Involved 
in Addiction 

Inhibitions



The Story of Marijuana
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Inhibitions



Significant brain growth and development occurs during 
adolescence, and continues into the twenties. Some studies 
show that this growth and development extends to the age 
of 30!

Sowell, et al. 1999; Sowell, et al. 2001.



Casey, et al. J Am Acad Child Adolesc Psychiatry, 2008;49:1189-201; Wilens, et al. Drug Alc Dep. 2013. Courtesy N Strang.

Does Dyssymmetry in Prefrontal Control of 
Limbic Regions Drive Young Peoples’ Behavior?

Dysregulated Mood
(e.g. frustration, Irritability, 

temper tantrums)

Exaggerated with certain disorders such as Mood,

 Substance Use, ADHD?
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The Memory of Drugs



Normal

Cocaine Abuser (10 days)

Cocaine Abuser (100 days)

Photo courtesy of Nora Volkow, PhD. Volkow ND, Hitzemann R, Wang C-I, Fowler IS, Wolf AP, Dewey SL. Long-term frontal brain metabolic changes in 
cocaine abusers. Synapse 199;11:184-190; Volkow ND, Fowler JS, Wang G-J, Hitzemann R, Logan J, Schlyer D, Dewey 5, Wolf AP. Decreased dopamine D2 
receptor availability is associated with reduced frontal metabolism in cocaine abusers. Synapse 1993;14:169-177.

Your Brain After Drugs



Drugs Have 
Long-Term 
Consequences

Photo courtesy of NIDA from research conducted by Melega WP, Raleigh MJ, Stout DB, Lacan C, Huang SC, Phelps ME.
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IMAGEN Multisite Study (8 sites)
N=799 children with scans and 5 year f/u
Mean age 14.4 yo (base) and 19 yo at f/u
MRI imaging for cortical thickness development
Main findings
-No differences at baseline between cannabis users
-Age related thinning in cannabis use –dose response relationship
-Overlay in cortical thinning linked to CB1 receptor density (from other PET study)



NEUROBIOLOGY OF OPIOID 
WITHDRAWAL
• HYPERACTIVITY OF NOR-ADRENERGIC NEURONS  IN  THE  LOCUS 

COERULEUS

• INCEASE BP, HR, RESPIRATIONS

• INCREASE SWEATING, DIARRHEA

• CLONIDINE & OPIATES REVERSE THESE EFFECTS

• INCREASED  GABA  EFFECTS: REDUCED DOPAMINE IN NUCLEUS 
ACCUMBENS

• CAUSES DYSPHORIA, DEPRESSION, CRAVING

• ONLY OPIATES REVERSE THESE EFFECTS

Slide courtesy of J Renner MD



Neurobiology of SUD: Summary

• Competing neurocircuitry may result in, and/or be secondary to, 
SUD

• Adaptations occur at molecular and macro levels with SUD

• Brain recovery may link with clinical recovery—brain health 
recovery may take months with certain substances

• Therapeutics associated with brain biomarkers of SUD
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