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THE PHYSIOLOGY OF ADDICTION

Effects of Drug-Taking Behavior on the Brain
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EAT, DRINK, HAVE SEX
(AND USE DRUGS)

Lizard brain advice

Get Laid!

Run!
Fight!

Cortex advice

Take the 
long view.

Creat
e

Set respectful 
boundariesHave 

patience
.Listen 

deepl
y

Innovate!



DOPAMINE & SEROTONIN
Location and Function
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Presenter
Presentation Notes
Very important here:  we have brains that are not fully developed doing two critical things:  sheathing pathways of communication in the brain with myelin and performing synaptic refinement:  deciding what stays and what goes.

The compulsion and perseveration of the dopamine pathways is critical.  Lizard brain:  drink, have sex, find food.  You want to be obsessed with those thoughts in order to promote your survival
Humans have been on earth 200,000 years, maybe ancient versions of us are found 2 million years ago.



Presenter
Presentation Notes
Normal day – 50 U of dopamine.  Great day – Happy day = 100 U
Sex = 102 U  Great food = 90 U.  Terrible day – refuse to go to work day, hide under your blankets day = 30
Very few kids feel this way – especially adolescents



Presenter
Presentation Notes
Most people with depression, dysthymia are sitting at 30 U of dopamine every day
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How Cocaine Works

Presenter
Presentation Notes
Cocaine modifies the action of dopamine in the brain. The dopamine rich areas of the brain are the ventral tegmental area, the nucleus accumbens and the caudate nucleus – these areas are collectively known as the brain’s ‘reward pathway’. Cocaine binds to dopamine re-uptake transporters on the pre-synaptic membranes of dopaminergic neurones. This binding inhibits the removal of dopamine from the synaptic cleft and its subsequent degradation by monoamine oxidase in the nerve terminal. Dopamine remains in the synaptic cleft and is free to bind to its receptors on the post synaptic membrane, producing further nerve impulses. This increased activation of the dopaminergic reward pathway leads to the feelings of euphoria and the ‘high’ associated with cocaine use.



How Heroin Works

Presenter
Presentation Notes
Heroin modifies the action of dopamine in the nucleus accumbens and the ventral tegmental area of the brain – these areas form part of the brain’s ‘reward pathway’. Once crossing the blood-brain barrier, heroin is converted to morphine, which acts as a powerful agonist at the mu opioid receptors subtype. This binding inhibits the release of GABA from the nerve terminal, reducing the inhibitory effect of GABA on dopaminergic neurones. The increased activation of dopaminergic neurones and the release of dopamine into the synaptic results in sustained activation of the post-synaptic membrane. Continued activation of the dopaminergic reward pathway leads to the feelings of euphoria and the ‘high’ associated with heroin use. Morphine is a weak agonist at the opioid kappa and delta receptor subtypes and activation of these receptors has a weak activating effect on the dopaminergic reward pathway.



Presenter
Presentation Notes
Just as we turn down the volume on a radio that is too loud, the brain adjusts to the overwhelming surges in dopamine (and other neurotransmitters) by producing less dopamine or by reducing the number of receptors that can receive and transmit signals. As a result, dopamine's impact on the reward circuit of a drug abuser's brain can become abnormally low, and the ability to experience any pleasure is reduced. This is why the abuser eventually feels flat, lifeless, and depressed, and is unable to enjoy things that previously brought them pleasure. Now, they need to take drugs just to bring their dopamine function back up to normal. And, they must take larger amounts of the drug than they first did to create the dopamine high - an effect known as tolerance. �



Presenter
Presentation Notes
Two people come to the ER:  one had acute STEMI and the other an overdose.  One gets brought to cath lab, ICU, admitted for 5-7 days, brought to cardiac rehab, started on 4 medicines, SW consult.  The other is given dose of Narcan and kicked out the door.  The 30, 60, 90 day mortality higher for the OD than the acute MI.  One may be 24 with 60 more years of life and the other 84.  Completely different care.





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

Presenter
Presentation Notes
Adolescents are the healthiest cohort in the population in terms of organic disease but, at the same time, they experience relatively high rates of mortality and morbidity due to their behavior, including the use of alcohol.  Across many species including humans, adolescence is a time of heightened risk-taking and for many young people in our society, some of that risk-taking involves alcohol use.  Further, adolescence is a period of increasing socialization often involving alcohol.  For some, the increased social demands of adolescence may be accompanied by increased anxiety heightening the risk for alcohol use.  In this way, alcohol use has become intertwined with the normal developmental processes of adolescence.  And alcohol use both affects development and is affected by developmental processes. 





Presenter
Presentation Notes

In 2013, more high school seniors regularly used marijuana than cigarettes as 22.7% smoked pot in the last month, compared with16.3% who smoked cigarettes. (U.S. Department of Health and Human Services)
Sixty percent of 12th graders do not view regular marijuana use as harmful. (U.S. Department of Health and Human Services)
�
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Brain Development

Source: Tapert & Schweinsburg, 2005

Presenter
Presentation Notes
Here is some background about this maturation.  

Although most of  the brain material and size is in place at the start of adolescence, several important developmental processes  continue. Three of them are noteworthy.




Synaptic Refinement

Presenter
Presentation Notes
Synaptic Refinement
At the start of adolescence, we have billions of brain cells, each with tens of thousands of connections to other brain cells.  Not all these connections are actually needed, and the unnecessary become eliminated.  This elimination process is shaped by the young person’s activities and experiences, and, as with myelination, it helps the brain work more efficiently. 

Sometimes we think of this as “pruning” the brain




Myelination

Presenter
Presentation Notes
Mylenation
One process is myelination.  The structures or axons connecting brain cells across which electrical impulses travel continue to become ensheathed in a fatty substance called myelin.  This compound insulates axons and speeds the relay of electric impulses within the brain, helping thinking, decision-making, impulse control, and emotional regulation mature.





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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Presentation Notes
Here is some background about this maturation.  

Although most of  the brain material and size is in place at the start of adolescence, several important developmental processes  continue. Three of them are noteworthy.








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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Verbal learning Delayed recall

Presenter
Presentation Notes
The chart shows results from one case control study that is pretty consistent with others, showing that marijuana users (who are not high at the time of the test) learn fewer words than non users, and after a 30 minute break, remember fewer words.

Source: Messinis, L. Neuropsychological deficits in long-term frequent cannabis users. Neurology. 2006 Mar 14;66(5):737-9.




0% 10% 20% 30% 40% 50%

Unemployed age 21-25

College grad by age 25
0

1-99

100-199

200-299

300-399

400+

Adult life outcomes affected by 
marijuana use in adolescence

# occasions used 
marijuana, age 15-21

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.

Presenter
Presentation Notes
Many studies have shown lower academic achievement, lower graduation rates with increasing use of marijuana. This study shows results from a study that followed young people through their teens and then assessed how they were doing at 25. The more marijuana they had smoked between age 15 and 21, the less likely they were to have graduated from college, and the more likely they were to be unemployed. They were also less satisfied with their lives and relationships (as measured by multi-question scales)

The relationship between marijuana use and lower educational attainment is likely complex. The cognitive effects of marijuana may play a role in the relationship, along with environmental factors, peer influence – and school policies that exclude students caught using.


Fergusson DM & Boden JM, Cannabis use and later life outcomes. Addiction. 2008 Jun; 103(6):969-76.

This chart is from a longitudinal study of a birth cohort in New Zealand to age 25. It shows correlations between use of marijuana in adolescence and life outcomes in young adulthood, after adjustment for confounding factors such as socio-economic status, mental health and exposure to child abuse. 

A review of 48 relevant studies that found marijuana use to be associated with reduced educational attainment (i.e. reduced chances of graduating): Macleod J, Oakes R, Copello A, et al. Psychological and social sequelae of cannabis and other illicit drug use by young people: a systematic review of longitudinal, general population studies. Lancet. 2004;363(9421):1579-1588.







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.

Presenter
Presentation Notes
A loss of 8 IQ points means someone with an IQ of 100, which puts them at the 50th percentile, drops to the 29th percentile.

Caveats: This is one study, and generally knowledge cumulates from many studies. And it leaves many questions. We don’t know exactly what patterns of use lead to IQ decline, we don’t know what causes the decline (the mechanisms). Do different strains have different effects? Are there genetic differences that matter?

(A recent prospective cohort study showed no association between teen marijuana use and IQ, after adjusting for various confounders, most notably cigarette smoking, but the study followed teens only to age 16. The authors note that their findings do not undermine the Dunedin findings – both could be true – but highlight the importance of controlling for concurrent use of other substances. Mokrysz, “Are IQ and educational outcomes in teenagers related to their cannibis use?” J Psychopharmacology. Jan 2016)



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

Presenter
Presentation Notes
The psychoactive affect varies with the concentration of THC in the marijuana. This chart shows how average THC content in marijuana (in samples of marijuana seized by federal, state and local governments) has increased over time – about four fold in the past two decades. In 2013, the average THC content was 12.5% nationally. Incidentally, in Colorado where recreational marijuana is legal, the average concentration was 17.1% in 2015. Studies are needed to assess whether high potency marijuana increases the risk of addiction, psychosis, or other health effects.

Source: Z Mehmedic et al, Potency Trends of D9 -THC and Other Cannabinoids in Confiscated Cannabis Preparations from 1993 to 2008, J Forensic Sci, September 2010, Vol. 55, No. 5



THC Concentrates

“Budder”

“Shatter”

“Ear Wax”
“Green Crack” wax

Hash Oil Capsules

Butane Hash Oil (BHO)

Presenter
Presentation Notes
Concentrates have gotten stronger as well. In the 1990s, hash oil ranged from 13% to 16% THC and in 2013, the average THC content in hash oil was 52%. Hash oil has been around for centuries, but now new advanced methods (e.g. including using highly flammable butane gas) are being used to obtain high-THC concentrates from marijuana. Potency of these concentrates can exceed 80 percent. 

Source: Potency Monitoring Program, Quarterly Report 124, cited in the DEA’s National Drug Threat Assessment Summary, 2014.



Ways to 
consume 
marijuana

Presenter
Presentation Notes
THC level is one aspect of marijuana’s effect. CBD level matters as well, and there is some evidence that CBD may be protective and mitigate some of the negative effects of THC. It also matters how it’s consumed, with some delivery methods offering faster and more powerful effects than others. Accidental overconsumption is most likely with edibles because their effect is delayed.



Presenter
Presentation Notes
For example, we’ll need to decide whether products like these, or packaging like this will be available…









Think you drink a lot?







Adverse Childhood Experiences – ACEs

Emotional Neglect
Abuse

Household Dysfunction







Presenter
Presentation Notes
If you were to screen all or your chronic pain pts, pts with addiction, and many other chronic diseases, I think you would find very high ACE scores.  The body under threat – full sympathetic response, pealing warning bells – those are the pathways that we need to quiet.  We should not just fill opioid receptors in the brain.  
We are going to come back to this.  I worry that I am all no opioids when I speak.  I am not.  I want us to recognize that 20% - 30% of your pts on chronic opioids have developed an addiciton to those drugs and let’s address that disease.



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.

Presenter
Presentation Notes
MMWR / June 16, 2017 / Vol. 66 / No. 23 
Jamal A, Gentzke A, Hu SS, et al. Tobacco Use Among Middle and High School Students — United States, 2011–2016. MMWR Morb Mortal Wkly Rep 2017;66:597–603. DOI: http://dx.doi.org/10.15585/mmwr.mm6623a1.








JEAN M. TWENGE

SEPTEMBER 2017 ISSUE

https://www.theatlantic.com/author/jean-twenge/
https://www.theatlantic.com/magazine/toc/2017/09/










NYT January 19, 2016



Presenter
Presentation Notes
Since 1996 or so, we have been prescribing opiates with a heavy hand.  Some of us have been more indescriminate than others.  Think about how much you were being told you should prescribe in the 1990s.  My father was a primary care doctor in Palmer for 27 years – he can count on one hand the number of times he wrote a prescription for opiates.  
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Presenter
Presentation Notes
Get Naloxone Now 59.5



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
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