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THE PHYSIOLOGY OF ADDICTION

Effects of Drug-Taking Behavior on the Brain

Ruth A. Potee, MD

Family Physician & Addictionologist, Valley Medical Group
Medical Director, Franklin County House of Corrections

Medical Director, Franklin Recovery Center
Medical Director, Pioneer Valley Regional School District

Chair, Department of Medicine, Baystate – Franklin Medical Center
Co-Chair – Healthcare Solutions of the Opioid Taskforce

Thanks to Tess Jurgensen and the OTF of Franklin County 
and North Quabbin for organizing these forums
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EAT, DRINK, HAVE SEX
(AND USE DRUGS)

Lizard brain advice

Get Laid!

Run!
Fight!

Cortex advice

Take the 
long view.

Create

Set respectful 
boundaries

Have 
patience.

Listen 
deeply

Innovate!



DOPAMINE & SEROTONIN
Location and Function
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How Cocaine Works



How Heroin Works









Genetics Early Use Trauma

Poor Mental Health





Addiction is a Developmental Pediatric Disease
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Source: NIAAA National Epidemiologic Survey on Alcohol and Related Conditions, 2003
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Brain Development

Source: Tapert & Schweinsburg, 2005



Synaptic Refinement



Myelination



Act First, 
Think Later

More Risky
Impulsive 
Behavior

Less than 
Optimal 
Planning

Preference 
for Physical 
Activity and 
Sensation 
Seeking

Emotions Felt 
Very 

Intensely

Strongly 
Influenced by 
Friends and 

Peers

Less 
Consideration 

of Negative 
Consequences

This is Normal Development
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Deficits in Cognitive Functioning
Among Active Marijuana Users

Many studies show that adolescents who use marijuana heavily 
tend to score worse than non-users on tests of:

•attention
•verbal learning
•memory
•processing speed 

… even when 
they are not high.
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Fergusson DM & Boden JM, Cannabis use and later life outcomes. Addiction. 2008 Jun; 103(6):969-76

Increasing use of marijuana from age 15-21 was 
also associated with lower relationship quality and 
lower life satisfaction at age 25.



Loss of Adult IQ with Marijuana 
Dependence in Adolescence

Findings:

•Those who developed marijuana dependence before 
age 18 showed IQ decline in adulthood.

•The longer their dependence persisted, the greater 
the decline, with a decline of 8 IQ points for the most 
persistent users. 

•Those who began using in adulthood did not show IQ 
decline.

•Quitting in adulthood did not restore functioning in 
those who began in adolescence.



1960 1965 1970 1974 1978 1980 1983 1984 1985 1986 1990 1992 1993 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

THC 0.2 0.24 0.39 0.47 1 1 1.5 3.3 3.3 3.5 3.5 3.1 3.1 4 4.54 5.16 4.96 4.67 5.4 6.18 7.26 7.18 8.33 8.09 9.08 10.3 10.3 9.91 11 11.4

CBD 0.28 0.31 0.38 0.36 0.33 0.31 0.42 0.4 0.41 0.43 0.45 0.47 0.42 0.46 0.46 0.46 0.53 0.48 0.41
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CBD:
Non-Psychoactive 

Ingredient

Average THC & CBD levels 
in the US: 1960 - 2011

Data from the NIDA-sponsored Potency Monitoring program at the University of Mississippi, showing average THC and 
CBD levels in samples of marijuana seized by federal, state and local governments in each year shown.  

THC:
Psychoactive 

Ingredient



THC Concentrates

“Budder”

“Shatter”

“Ear Wax”
“Green Crack” wax

Hash Oil Capsules

Butane Hash Oil (BHO)



Ways to 
consume 
marijuana









Think you drink a lot?







Adverse Childhood Experiences –ACEs

Emotional Neglect

Abuse

Household Dysfunction









Talk Early, Talk Often

“Delay, Delay, Delay or Avoid Altogether”

Genetics Trauma Early Use





TOBACCO PRODUCT USE BY HIGH SCHOOL 
STUDENTS (2011-2016)

Figure 1.  Estimated percentage of high school students who currently use any tobacco products, any 
combustible tobacco products,  ≥2 tobacco products, and selected tobacco products – National Youth 
Tobacco Survey, United States. 2011-2016.
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Stable & Sober Housing

Medicine

Mental Health Treatment

Positive Relationships

Physical Movement

Having a Sense of Purpose

What It Takes To Get Better

Stable & Sober Housing Medicine Mental Health Treatment

Positive Relationships Physical Movement Having a Sense of Purpose

Methadone
Buprenorphine
Naltrexone





ruthpotee.com




