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Learning Objectives

• Describe the effects of opioids on brain function
• Define the effects of opioids on pain relief over time
• Identify brain opioid receptors and their function
• Differentiate between full and partial mu opioid receptor 

agonists and antagonists for opioid use disorder
• Identify the stages of addiction and associated 

neuroanatomy



General Opioid Receptor Function

Mu-Receptor
Analgesia
Respiration
Sedation
Euphoria

Delta-Receptor
Analgesia
Dysphoric affect
Respiration
GI Motility
Hormone release

Kappa-Receptor
Analgesia
Dysphoric affect
Sedation

Sigma-Receptor
Respiration
Dysphoric affect
Hallucinogenic



Opioid Agonists

Endogenous Opioids
Mu receptor: beta-endorphin

endomorphin
Delta receptor: encephalins, 

beta-endorphin
Kappa receptor: dynorphin

Exogenous Opioids
Mu receptor: morphine, fentanyl,

methadone, hydrocodone, 
oxycodone, meperidine, tramadol

Delta receptor: morphine, fentanyl
Kappa receptor: morphine, fentanyl

Naloxone and naltrexone are mu, delta, 
and kappa receptor antagonists





.
National Institute on Drug Abuse; Centers for Disease Control and Prevention



Effect of 
Opioids on 
Pain Relief 
Over Time

Presenter
Presentation Notes
Less relief with repeated treatment at the same doses.  Increased doses are needed to provide the same degree of pain relief for some patients – no ceiling effect for opioids that are full mu receptor agonists.



Multiple Learning and Memory Systems

Opioids, Nociception (Pain), Anti-Nociception (Analgesia)

https://www.studyblue.com › ... › Pain Management, Analgesia

Presenter
Presentation Notes
Transduction – painful stimuli cause pain; damaged cells release substances to generate an action potential and transmission of pain signal.Modulation phase – descending neurons inhibit transmission of painful impulses.LA = local anesthesia



Alterations in Neurofunction Associated with Chronic Pain

Kuner and Flor, 2016

Presenter
Presentation Notes
Increased doses of opioids are often needed to provide continued pain relief in chronic pain.Several brain structures/functions are altered or impairedACC = anterior cingulate cortexPFC = prefrontal cortexPAG = periaqueductal greyBG = basal ganglia



This neurocircuitry is just as relevant for other drugs of abuse (i.e., opiates/opioids).

Stages of Addiction

1st 2nd

3rd

Koob et al., multiple publications

1st and 2nd Stage

3rd Stage [Maintenance] 

4th Stage

5th and 6th Stage

Genes and
Gene x Environment

Environment and
Gene x Environment

Presenter
Presentation Notes
Stages are not necessarily linear



Stages of Addiction and Associated Neuroanatomy

Koob et al., multiple publications

1st and 2nd Stages

4th Stage

5th and 6th Stages



Koob et al., multiple publications

Addiction, Learning, and Memory

1
2

3
4
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Multiple Memory Systems

1) Hippocampus mediates episodic/
autobiographic and spatial learning 
and memory

2) Amygdala mediates fear and 
anxiety conditioning/learning and 
memory Basal-Lateral-Amygdala (BLA), 
Medial-Amygdala (MeA) and 
Central-Amygdala (CeA)

3) Caudate-putamen mediates 
stimulus-response/habit learning and
memory Dorsal Striatum

4) Nucleus accumbens mediates 
reward conditioning/learning and 
memory (conditioned place 
preference)—Ventral Striatum

5) Dorsal-lateral-prefrontal-cortex
(DLPFC) mediates ‘working’ learning 
and memory



Medications for Opioid Use Disorder



Summary
• The mu, delta, kappa, and sigma opioid receptors are involved in 

the actions of opioid drugs
• The limbic system, brainstem, and spinal cord are sites of action for 

the opioid drugs
• Pain relief from opioid doses decreases over time in chronic pain 

leading to the need for increasing doses
• Other types of medications can be useful in pain relief (TCAs, 

NSAIDs, SNRIs)
• Brain structures involved in the stages of addiction include the 

striatum, thalamus, amygdala, anterior cingulate, prefrontal cortex, 
and hippocampus
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