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My Trajectory
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Why Me?
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Mesolimbic Dopamine 
Pathway

 Evolved through natural selection

 Promotes eating and reproduction

Co-opted by all drugs of abuse
 Drugs are often more potent than natural 

reinforcers
 We control dose and delivery 

 Excess use dampens sensitivity

‘Wired’ to use mind-altering drugs
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“to devote, sacrifice, or abandon”
Failure to pay rendered the 
debtor permanent property—
to be kept as a slave (Schiavone, 
2012).

Addiction:
When the debt from borrowing 
good feelings from the future 
comes due



 Craving (overpowering desire to acquire 
and take the drug; obsession & 
compulsion)

 Tolerance (tendency to increase the dose)
 Dependence (withdrawal when the drug 

is removed)
 Costs (detrimental effect on the individual 

and on society)
 Denial of drug problem
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Addiction



I. Drugs only slow down or speed up natural 
activity 

II. All drugs have side effects
III. Drug effects are counteracted by an 

adaptive brain
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Laws of Psychopharmacology



Socrates’ 
Last Day
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"How singular is the 
thing called pleasure, 
and how curiously 
related to pain, he 
(sic) who pursues 
either of them is 
generally compelled 
to take the other.” 

Recorded by Plato, about 
350 B.C.E in Phaedo



About 2000 years 
later, Claude Bernard 
noted that 

"the stability of the internal environment [the 
milieu intérieur] is the condition for the free 
and independent life."
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Bernard, Lectures on the Phenomena of Life Common to Animals and to Plants, 
mid-19th Century (translated by Hof, Guillemin & Guillemin, 1974)



Another 80 years…

Walter Cannon popularized Bernard’s

ideas using the term homeostasis

10

Cannon, Walter B. 1932. The Wisdom of the Body. New York: Norton



Effect of Any Addictive Drug 
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Feeling
State Neutral

From Solomon & Corbit, 1974



Happens all the time…
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Happens all the time…
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Why counteract change?
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Feelings return to neutral  so we can tell if something happens
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“a process”
• Direct result of the 

drug acting in the 
brain

• i.e., dopamine 
release, receptor 
interactions

Two Process Underlie Drug Effects

“b process”
• brain’s response to 

drug
• i.e., receptor 

downregulation
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Drug-Induced Changes in Affect

“b process”adapts
• Earlier, larger, longer
• Learns to anticipate drug/”a process”
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‘b process’ Learns

17



‘b process’ Learns
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3 Causes of Relapse

 Cues associated with drug (b process)

 “Taste” of drug (b process)

 Stress
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Narcotics
 Used for thousands of 

years
 Opium is from the opium 

poppy
 1803 active ingredient 

isolated and named 
Morphine after the god 
of dreams, Morpheus. 
 1853 syringe and hollow 

needle invented. 20



b-endorphin
Leu-enkephalin
Met-enkephalin
Dynorphin
Nociceptin
Endomorphin
Etc.

Morphine
Heroin
Fentanyl
Dilaudid
Oxycontin
Codeine
Etc.

Opiates & Opioids
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Coping with 

• exercise
• cold exposure
• conditioned fear
• copulation
• social defeat
• acupuncture
• electric shock
• food deprivation

• forced swim 
• heat exposure
• immobilization
• novelty
• predators
• pregnancy
• restraint
• Unsolvable 

anagrams 22



Modulation of Pain Sensitivity

Opioids
Adaptive response
 Injury 
 Danger
 Stress

Antiopioids
Adaptive Response
 Enhance pain 

sensitivity for 
recuperation
 Good to feel pain 

when we are safe or 
escape danger
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Evidence for Anti-Opiates?
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 “Brain extract” from morphine-tolerant rats 
induced immediate tolerance to morphine 
analgesia  (Han et al In: Endogenous and Exogenous Opiate Agonists 
and Antagonists, EL Way (Ed). Pergamon Press, NY., 1980)

CSF from morphine-dependent rats following 6hr 
of abstinence precipitated morphine abstinence 
syndrome when infused into the brain of other 
morphine dependent rats—similar to that induced 
by Narcan  (Malin et al., Life Sci, v.41, 1987)

 Dozens of studies show that blocking antiopiates like CCK, 
neurotensin, FMRFamide, OFQ and dynorphin enhances and 
prolongs morphine’s effects, and that these are upregulated 



Evidence for Anti-Opiates?
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1. Conditioned Analgesia

2. Establish Safety Signal

Wiertelak et al., Science, 1992

Infrared radiant bulb

Response

3. Inject Morphine
?

4. Turn on Safety Signal
?



“a process” “b process”

Opiates and Anti-Opiates?
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Dealing with Addiction

Recovery occurs as the brain re-adapts to the 
absence of the drug, by returning neural 
structures and activity toward the nascent state.  
Like addiction, recovery is graded—developing 
over time and due to neural changes (i.e., 
plasticity). 
The longer the person has been using, and the 
higher the dose they have been administering, 
the deeper the addiction/adaptation. 
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Another Example…
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CB1 Receptors: A surprise!
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Anandamide

Endocannabinoids

30

2-
Arachidonoylglycer

ol (or 2-AG)



• No medical benefits
• Significant risks 

(Psychosis, reduced 
cognitive function)
Lancet Psychiatry, 2019

Cannabinoids
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Cannabidiol
(or CBD)

The marijuana plant produces well over 100 cannabinoids including:

Tetrahydrocannabinol (or 
THC)
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But what does this mean?
• Cannabinoids modulate virtually all 

brain activity
• Act like a neurological highlighter 

to mark meaning
• Play a critical role in neuroplasticity
• Help us sort important from 

unimportant stimuli
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Anandamide and 2-AG
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THC
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Everything is ‘Bacon!’



Flooding the Fields
Acute Effects of Marijuana

Causes pleasure, relaxation
Stimuli are more rich and 
meaningful

• Impairs memory
• Slows response time
• Causes errors in                            

critical tracking
36



“Downregulation” of Cannabinoid Receptors
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Dalton and Zavitasanou, Synapse, 64: 2010



CB1 Downregulation in Humans
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Hirvonen et al., 2012 Molecular Psychiatry; Also see: Villares, 2007

• Used PET scan to quantify CB1 receptors in 30 regular 
smokers and 28 controls

• About a 20% decrease in receptor density in users
• Those who smoked the longest had the biggest decrease
• Receptors recover with abstinence



Heavy-smoking teens
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Altered cortical structure CB1 Downregulation

Jacobus et al., 2015, Dev Cognitive Neuroscience; Ganzer et al., 2016, Neuropsychological 
Review; Lorenzetti, V., Solowij, N., & Yücel, M. 2016, Biological Psychiatry



Adolescent use dampens pleasure and 
increases risk for drug abuse

Both rats and humans, during adolescence
Fewer CB1 receptors in mesolimbic structures
Reduced mesolimbic dopamine tone
Enhanced heroin or alcohol self-administration as adults
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(e.g., Ellgren et al., 2007, Neuropsychopharmacology Panlilio & Justinova, 
2018, Neuropsychopharm; Stopponi et al., 2014, Eur Neuropsychopharm; 
Volkow et al., 2014, PNAS)



Heavy-smoking teens
Increased impulsivity (Aston et al., 2016, Drug & 
Alcohol Dependence; Ganzer et al., 2016, 
Neuropsychological Review)
Negative Emotionality (Volkow et al., 2014)
60% less likely to graduate high school (Daily 
smokers by 17, compared to non-smokers, Silins et 
al., 2014, Lancet) 
7X more likely to attempt suicide (Silins et al., 
2014, Lancet) 
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Epigenetics: 
b-Process Across Generations

Offspring of adolescent partiers (rats) show
• Increased anxiety
• Increased risk of heroin addiction and alcoholism 
• Increased depression
• Genetic, brain and behavioral changes in their

offspring

42

Szutorisz & Hurd, 2018, Neuroscience & Biobehavioral Reviews)



But it’s Legal (many places)!
• Brain compensates for any drug that alters its 

activity 
• Especially when used during adolescence, 

marijuana decreases sensitivity to 
reward/pleasure 

• Marijuana is a gateway drug (all are)
• Scientific evidence should guide policies and 

practices.
• Widespread use is likely to have lasting impacts 

for individuals and society



Adaptation (b process) to

Opiates
Alcohol
Nicotine
Ecstasy
Benzos 
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Pain, Discontent
pleasure, anxiety, insomnia 

Anxiety, difficulty concentrating
Depression
Anxiety, insomnia



The brain adapts to every drug 
that alters its activity by 

producing the opposite state. 
This plasticity is responsible for 

tolerance, dependence and 
craving—all hallmarks of 

addiction.

45
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Regular use of addictive drugs 
causes feeling states opposite to 

the ones we are striving for.
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“The prisoner who lost faith in the future – his 
future – was doomed. With his loss of belief in 
the future, he also lost his spiritual hold; he let 
himself decline and become subject to mental 
and physical decay.”

Viktor Frankl – Man’s Search For Meaning
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