
A. Course Overview 
Title:​
“The Science of Pain and Addiction: Neurobiology, Neuroplasticity, and Ethics at the 
Bedside” 

Brent Boyett DMD, DO, DFASAM 

Target audience: Physicians and advanced practitioners who prescribe opioids, 
benzodiazepines, or manage chronic pain/addiction. 

Duration: 4 hours (240 minutes) – suggested as 4 × 55-minute blocks + 3 breaks. 

Format: Didactic mini-lectures, case-based discussion, small-group reflection, and ethics 
workshops. 

 

B. Learning Objectives 
By the end of the activity, participants will be able to: 

1.​ Distinguish acute vs chronic pain in terms of duration, pathophysiology, and treatment 
goals. 

2.​ Describe how maladaptive neuroplasticity and altered brain networks (DMN, salience, 
sensorimotor, gamma efferent systems) contribute to chronic pain and muscle 
hypertonicity. 

3.​ Explain β-arrestin–mediated downregulation of μ-opioid and dopamine receptors and 
its implications for tolerance, opioid-induced hyperalgesia (OIH), and addiction. 

4.​ Explain benzodiazepine-induced GABA_A receptor changes, including α1 subunit 
downregulation, excitatory upregulation, and rebound phenomena. 

5.​ Apply opponent-process theory as a conceptual bridge between cellular 
neuroadaptations and the clinical course of addiction and withdrawal. 

6.​ Evaluate the short-term and long-term risk–benefit ratio for opioids, benzodiazepines, 
and z-drugs in chronic pain and addiction treatment. 

7.​ Integrate these scientific principles with the four principles of medical ethics 
(autonomy, beneficence, non-maleficence, justice), clarifying the appropriate role of 
protective paternalism. 

8.​ Implement a shared “veto authority” framework, where either patient or prescriber can 
(and sometimes must) halt or refuse a treatment when short- or long-term risks outweigh 
benefits. 

 

C. Detailed Agenda (4 Hours) 



Hour 1 – Foundations of Pain: From Nociception to Chronic Disease (55 min) 

1.1 Intro & Pre-test (10 min) 

●​ Brief course overview and objectives. 
●​ 5–8 MCQs to gauge baseline knowledge. 

1.2 Acute vs Chronic Pain – Clinical and Biological Distinctions (20 min)​
Content (use your chronic pain handout as the backbone): 

●​ Definitions: 
o​ Acute pain: <3–6 months, linked to identifiable injury, surgery, or illness; 

protective. 
o​ Chronic pain: >3–6 months, persists beyond healing; becomes a disease of the 

pain system. 
●​ Common chronic pain syndromes: low back pain, arthritis, headaches/migraines, 

neuropathic pain, fibromyalgia, pelvic pain, cancer pain, TMJ, IBS. 
●​ Mechanisms of chronic pain: 

o​ Peripheral sensitization 
o​ Central sensitization 
o​ Hebbian learning (“neurons that fire together wire together”) 
o​ Neuroplastic embedding of pain circuits 

Illustration 1 – Acute vs Chronic Pain Timeline 

●​ X-axis: time; Y-axis: pain intensity. 
●​ Acute pain curve: sharp rise, then return to baseline as tissue heals. 
●​ Chronic pain curve: initial injury plus sustained, fluctuating but never-baseline pain 

despite tissue healing; overlay of “sensitization” shading. 

1.3 Brain Networks, Neuroplasticity, and Muscle Hypertonicity (25 min) 

Key teaching points: 

●​ Default Mode Network (DMN): self-referential thought, rumination. In chronic pain, 
DMN becomes abnormally coupled with insula, ACC, and somatosensory cortex, 
producing a “pain neurosignature.” 

●​ Salience & Sensorimotor Networks: over-coupling with DMN reinforces pain salience 
and body-focused attention; contributes to movement avoidance. 

●​ Gamma efferents & muscle tone: chronic stress/pain → gamma motor neuron 
“wind-up” → persistent spindle sensitivity → hypertonicity in postural and masticatory 
muscles → TMJ, tension headaches, myofascial pain. 

●​ Ketamine: NMDA antagonism, disruption of rigid DMN connectivity, modulation of 
RSN, promotion of synaptogenesis → potential “neuroplastic reset” in severe central 
sensitization and treatment-resistant pain. 



Illustration 2 – Brain Network Map in Chronic Pain 

●​ Simple schematic: 
o​ DMN nodes (mPFC, PCC) in green. 
o​ Insula/ACC in orange (salience network). 
o​ Sensorimotor cortex in blue. 
o​ Arrows showing increased connectivity DMN↔insula/ACC and 

DMN↔sensorimotor in chronic pain vs normal. 

Illustration 3 – Gamma Efferent Wind-Up Diagram 

●​ Muscle spindle with γ-motor neuron. 
●​ Chronic stress/pain → increased γ drive → increased baseline spindle firing → tonic 

muscle contraction → pain → more stress (loop). 

 

Hour 2 – Opioids: β-Arrestin, Tolerance, Hyperalgesia, and Addiction (55 min) 

2.1 μ-Opioid Receptor & Dopamine Circuitry (10 min) 

●​ MOR: analgesia and reward (endogenous opioids + exogenous opioids). 
●​ D1/D2 receptors: motivation, reinforcement, mood. 
●​ Acute opioid effect: spinal/brainstem analgesia + mesolimbic dopamine release → 

reward. 

2.2 β-Arrestin–Mediated Downregulation (20 min) 

From your manuscript: 

●​ Agonist binding → GPCR phosphorylation by GRKs. 
●​ β-arrestin recruitment → 

o​ Steric hindrance of G-protein coupling (desensitization). 
o​ Targeting to clathrin-coated pits → endocytosis. 

●​ Fate of internalized receptors: 
o​ Recycle vs degradation (MOR with high-efficacy agonists like fentanyl often → 

degradation). 
●​ Chronic exposure → fewer surface MORs and D2 receptors → reduced response to both 

exogenous and endogenous ligands → tolerance, anhedonia, dysphoria. 

Illustration 4 – GPCR–β-Arrestin Pathway​
Panel A: MOR in membrane, G-protein attached, opioid agonist binding.​
Panel B: GRK phosphorylation and β-arrestin attaching (blocking G-protein).​
Panel C: clathrin-coated pit endocytosis; arrows to either recycling endosome or lysosome 
(degradation).​
Add call-outs: “tolerance,” “diminished endogenous opioid response.” 



2.3 Tolerance, OIH, and Opponent Process (15 min) 

●​ Tolerance: higher doses needed due to decreased receptors and signaling efficiency. 
●​ Opioid-Induced Hyperalgesia (OIH): 

o​ Reduced inhibitory MOR tone + upregulated pronociceptive systems (NMDA, 
glutamate, spinal microglia) → paradoxical increased pain. 

●​ Opponent-process theory: 
o​ “A-process”: acute euphoria/analgesia via intact MOR/D1/D2 signaling. 
o​ “B-process”: β-arrestin driven receptor loss + pronociceptive upregulation → 

hyperalgesia, dysphoria, craving. 
o​ Over time: A weakens, B strengthens; drug used to escape negative state, not to 

chase euphoria. 

Illustration 5 – Opponent-Process Curve for Opioids 

●​ Y-axis: affective state (pleasant vs unpleasant). 
●​ A-process: big positive spike that shrinks with repeated use. 
●​ B-process: delayed negative dip that deepens and lengthens with repeated use; baseline 

hedonic tone shifts down (“allostasis”). 

2.4 Small-Group Case Discussion (10 min) 

Case: 

●​ 45-year-old with chronic low back pain on long-term high-dose oxycodone, escalating 
doses, diffuse pain worsening, depressed mood.​
Tasks: 

●​ Identify clinical signs of tolerance vs OIH vs untreated nociception. 
●​ Ask: “How does β-arrestin physiology explain his trajectory?” 
●​ Discuss how understanding the science changes your management (tapering, non-opioids, 

ketamine for central sensitization, psychosocial interventions). 

 

Hour 3 – Benzodiazepines, GABA_A Plasticity, and Rebound (55 min) 

3.1 GABA_A Receptors & Acute Benzodiazepine Effects (10 min) 

●​ GABA_A as primary inhibitory receptor; chloride channel. 
●​ BZDs as positive allosteric modulators at receptors with α1 (and other) subunits → 

increased Cl⁻ influx in presence of GABA → anxiolysis, sedation, anticonvulsant effects. 

Illustration 6 – GABA_A Receptor with Benzodiazepine Site 

●​ Pentameric receptor diagram with labeled subunits (α1, β, γ). 
●​ BZD binding site between α1/γ subunits. 



●​ Arrows showing increased Cl⁻ influx and neuronal hyperpolarization. 

3.2 Chronic Benzodiazepine Use: PKA–CREB–ICER Pathway (20 min) 

From your benzodiazepine paper: 

●​ Chronic BZD exposure → increased intracellular Ca²⁺ → PKA activation. 
●​ PKA → CREB phosphorylation → increased ICER expression. 
●​ ICER → transcriptional repression of α1 subunit gene → loss of BZD-sensitive 

receptors. 
●​ Increased proteasomal degradation of GABA_A subunits → fewer functional receptors at 

surface. 
●​ Compensatory upregulation of glutamatergic/NMDA systems → new “hyperexcitable” 

set point. 

Illustration 7 – Benzodiazepine Tolerance Signaling Cascade​
Flowchart:​
BZD → ↑Ca²⁺ → ↑PKA → pCREB → ↑ICER → ↓α1 expression + ↑proteasomal degradation → 
↓GABA_A receptor density & BZD sensitivity → tolerance.​
Side arrow: ↑NMDA / glutamate → excitatory dominance. 

3.3 Discontinuation: Rebound & Opponent Process (15 min) 

●​ When BZDs are stopped: 
o​ Inhibitory GABAergic function remains suppressed (fewer receptors, altered 

subunits). 
o​ Excitatory pathways remain upregulated. 
o​ Result: CNS hyperexcitability → rebound anxiety, insomnia, panic, muscle 

tension, hyperalgesia—often worse than baseline. 
●​ Opponent-process framing: 

o​ A-process: acute anxiolysis & sedation. 
o​ B-process: gradually strengthening excitatory opponent state. 
o​ With chronic use, B-process is present even on-drug (tolerance) and fully 

unmasked off-drug (withdrawal). 

Illustration 8 – Rebound Anxiety Curve​
Compare baseline anxiety vs on-BZD vs post-discontinuation: 

●​ Initial drop (relief), followed by gradual upward drift during chronic therapy (tolerance), 
then spike above baseline after abrupt cessation (rebound). 

3.4 Case Workshop (10 min) 

Case: 



●​ 60-year-old woman on clonazepam 1.5 mg nightly for 8 years, now with severe anxiety 
and insomnia whenever she tries to taper; reports worse sleep than before BZDs.​
Discussion: 

●​ Map her symptoms to GABA_A receptor changes and opponent-process theory. 
●​ Design a tapering and support plan (slow taper, CBT-I, non-BZD agents, education about 

rebound). 
●​ Discuss how receptor biology informs your pace and patient education. 

 

Hour 4 – Ethics, Risk–Benefit, and Shared Veto Authority (55 min) 

This hour explicitly ties all the science to autonomy, paternalism, beneficence, 
non-maleficence, and justice, and to your “dual veto” idea. 

4.1 The Four Principles in the Context of Pain & Addiction (10 min) 

Brief refresher: 

1.​ Autonomy – Respecting the patient’s right to make informed choices consistent with 
their values. 

2.​ Beneficence – Acting in the patient’s best interest, promoting well-being. 
3.​ Non-maleficence – Avoiding harm (“first, do no harm”), including foreseeable long-term 

harm like dependence, addiction, OIH, rebound, and biopsychosocial deterioration. 
4.​ Justice – Fair distribution of resources and burdens; avoiding over- or under-treatment 

based on bias; responsible prescribing within a community affected by the opioid and 
BZD epidemics. 

 

4.2 Autonomy vs Paternalism in Light of Neurobiology (15 min) 

Key teaching points: 

●​ Neuroadaptations (β-arrestin, GABA_A downregulation, opponent processes) mean 
that certain drugs gradually impair the same capacities (mood regulation, impulse 
control, risk assessment) that underlie autonomous choice. 

●​ A purely “consumer-style” approach (“give the patient whatever they request”) ignores: 
o​ The predictable risk of tolerance, OIH, dependence, and rebound. 
o​ The biopsychosocial harms: loss of function, mood disorders, occupational 

dysfunction, family disruption, overdose risk. 
●​ Protective paternalism is ethically justified when: 

o​ The requested treatment carries foreseeable, high probability long-term harm 
(e.g., indefinite high-dose opioids for nociplastic pain; chronic high-dose BZDs 
for insomnia). 



o​ The neurobiology shows that continued use will erode autonomy further 
(addiction cycle). 

o​ Safer, evidence-based alternatives exist. 

Make explicit: 

Paternalism here is not about overriding patients’ values; it is about guarding them from 
predictable biopsychosocial injury that they may underestimate because of pain, distress, or 
existing neuroadaptations. 

Illustration 9 – Autonomy vs Paternalism Balance Scale 

●​ Left pan: patient preferences, values, narrative of suffering. 
●​ Right pan: foreseeable long-term neurobiologic harm (tolerance, OIH, dependence), 

community harm. 
●​ Central fulcrum labeled “Clinical judgment + shared decision-making.” 

 

4.3 Shared Veto Authority: Operationalizing Ethical Prescribing (15 min) 

Introduce your framework explicitly: 

●​ For any high-risk treatment (e.g., long-term opioid or BZD therapy, ketamine 
infusions): 

o​ Both the patient and the prescriber have full veto power. 
o​ Treatment proceeds only when both judge that the short-term AND long-term 

risk–benefit balance is acceptable. 

How this aligns with the principles: 

●​ Autonomy: 
o​ Patient can veto a proposed therapy even if the clinician believes benefits > risks. 
o​ Informed refusal is respected. 

●​ Beneficence & Non-maleficence: 
o​ Prescriber must veto when they judge that either the short-term risk (e.g., 

respiratory depression, overdose) or long-term risk (tolerance, OIH, addiction, 
severe rebound, biopsychosocial decline) outweighs expected benefit. 

o​ Writing a prescription the clinician believes is net harmful violates both 
beneficence and non-maleficence. 

●​ Justice: 
o​ Shared veto protects against overprescribing that contributes to community-level 

harms (diversion, overdose epidemic) while still honoring individual need. 

Illustration 10 – Veto Decision Flowchart 



Start: “Is this high-risk therapy being considered?” → 

1.​ Assess short-term risk–benefit (acute pain relief, sedation, safety). 
2.​ Assess long-term risk–benefit (tolerance, OIH, dependence, functional trajectory). 
3.​ Discuss both transparently with patient. 
4.​ Two independent decision boxes: 

o​ “Is clinician comfortable given ST + LT balance?” YES/NO 
o​ “Is patient comfortable given ST + LT balance?” YES/NO 

5.​ Only if both YES → proceed with treatment + monitoring plan. 
6.​ If either NO → document veto, explore alternative treatments and harm-reduction 

strategies. 

Emphasize: 

●​ Veto is not abandonment. When treatment is vetoed, beneficence and non-maleficence 
require offering safer alternatives and ongoing support. 

●​ Because of the neurobiology, saying “no” to a harmful prescription is sometimes the 
most ethical and compassionate act. 

 

4.4 Beneficence vs Non-maleficence: Short-Term vs Long-Term (10 min) 

Use a comparative table: 

Scenario Short-Term 
Beneficence 

Long-Term Risk 
(Non-maleficence) Ethical Tension 

High-dose opioid for 
chronic nonspecific 
low back pain 

Rapid pain relief, 
improved sleep 
for days–weeks 

β-arrestin–mediated MOR/D2 
downregulation → tolerance, 
OIH, dependence, overdose 
risk 

Short-term beneficence 
vs long-term harm; 
often justifies 
paternalistic veto 

Long-term nightly 
benzodiazepine for 
insomnia 

Immediate sleep 
onset, decreased 
anxiety 

GABA_A α1 downregulation, 
excitatory upregulation → 
rebound insomnia, anxiety, 
cognitive decline, falls 

Same tension; 
long-term 
non-maleficence argues 
against chronic use 

Ketamine for 
treatment-resistant 
chronic 
pain/depression 

Rapid relief, 
DMN “reset” in 
refractory cases 

Potential bladder toxicity, 
abuse risk, unknown very 
long-term effects 

May be ethical when 
used in time-limited, 
closely monitored, 
multimodal plan 

Key message: 

●​ Beneficence without serious attention to long-term non-maleficence is incomplete. 
●​ The science of neuroadaptation forces us to think beyond the first few weeks of symptom 

relief. 



 

4.5 Ethics Case Triad & Wrap-Up (5–10 min) 

Present three brief cases and ask participants: 

1.​ Would you prescribe? 
2.​ Who should veto (if anyone), and why, using all four principles? 

Examples: 

1.​ Young adult with acute fracture pain requests extra opioids “just in case.” 
2.​ Long-term BZD user with severe rebound insomnia begging for dose increase. 
3.​ Patient with severe, refractory, function-limiting chronic pain, failed standard therapies, 

asking about ketamine. 

Conclude with: 

●​ Post-test (same items as pre-test). 
●​ Key take-home messages: 

o​ Chronic pain and addiction are brain–body diseases of neuroplasticity, not just 
behavior problems. 

o​ β-arrestin and GABA_A receptor changes provide a mechanistic justification for 
cautious, time-limited use of opioids/BZDs and for exploring alternatives. 

o​ Opponent-process theory gives a coherent narrative patients can understand. 
o​ Protective paternalism and shared veto authority are ethically required when 

science shows high probability of long-term biopsychosocial harm. 
o​ The goal is not to deny relief, but to maximize long-term function and 

well-being while minimizing avoidable iatrogenic addiction and suffering. 

 
 

Module 1 – Foundations of Pain (≈55 minutes) 

Slide 1 – Title Slide 

●​ Title: The Science of Pain and Addiction 
●​ Subtitle: Neurobiology, Neuroplasticity, and Ethical Prescribing 
●​ Presenter name, credentials, institution 
●​ Accreditation info / disclosures 

 

Slide 2 – Learning Objectives 



●​ Distinguish acute vs chronic pain and their mechanisms 
●​ Explain how neuroplasticity and brain networks contribute to pain chronification 
●​ Describe β-arrestin–mediated receptor downregulation and OIH 
●​ Describe benzodiazepine-induced receptor changes and rebound 
●​ Apply these mechanisms to the 4 principles of medical ethics and shared veto authority 

 

Slide 3 – What Is Pain? 

●​ Pain as a warning system vs chronic disease of the pain system 
●​ IASP-type definition (paraphrased) 
●​ Introduce nociception vs perception 
●​ Note: chronic pain ≠ just “long acute pain” 

 

Slide 4 – Acute vs Chronic Pain: Key Differences 

●​ Acute pain 
o​ Short term (<3–6 months) 
o​ Linked to identifiable injury/surgery/illness 
o​ Protective, resolves with healing 

●​ Chronic pain 
o​ 3–6 months, outlasts tissue healing 
o​ Often multifactorial, can be nociplastic 
o​ Becomes a disease of nervous system 

Illustration:​
Simple table or side-by-side comparison. 

 

Slide 5 – Common Chronic Pain Syndromes 

●​ Low back pain 
●​ Arthritis (osteo-, rheumatoid) 
●​ Headaches/migraines 
●​ Neuropathic pain (diabetic neuropathy, postherpetic neuralgia) 
●​ Fibromyalgia, pelvic pain, TMJ, IBS 
●​ Many patients have more than one syndrome 

 

Slide 6 – From Injury to Chronic Pain: Sensitization 



●​ Peripheral sensitization 
o​ Ongoing inflammation → lower activation threshold of nociceptors 

●​ Central sensitization 
o​ Spinal cord and brain amplify signals 
o​ Pain without clear ongoing tissue damage 

●​ Hebbian plasticity: “neurons that fire together wire together” 
o​ Repeated pain → embedded pain pathways 

Illustration:​
Spinal cord and brain with arrows showing amplified signal; add “Hebbian loop.” 

 

Slide 7 – Brain Networks in Chronic Pain 

●​ Default Mode Network (DMN) 
o​ Self-referential thought, rumination 

●​ Salience Network (SN) 
o​ Detects important stimuli 

●​ Sensorimotor Network 
o​ Processes movement and body sensation 

●​ In chronic pain: 
o​ ↑ DMN–insula/ACC connectivity 
o​ ↑ DMN–somatosensory coupling 
o​ Pain becomes part of resting baseline 

Illustration:​
Network map: DMN (green), SN (orange), sensorimotor (blue), with thickened connections in 
chronic pain. 

 

Slide 8 – Gamma Efferents and Muscle Hypertonicity 

●​ Gamma motor neurons set muscle spindle sensitivity 
●​ Chronic stress/pain → “wind-up” of gamma efferents 
●​ ↑ baseline tone in postural and jaw muscles 
●​ Leads to: 

o​ Myofascial pain 
o​ TMJ disorders 
o​ Tension headaches 

Illustration:​
Muscle spindle with γ-motor neuron; loop: pain → stress → ↑γ drive → tight muscles → more 
pain. 



 

Slide 9 – Ketamine as a Neuroplastic Modulator 

●​ NMDA receptor antagonist 
●​ Acute effects: 

o​ Rapid analgesia, antidepressant effect 
●​ Neuroplastic effects: 

o​ Interrupts maladaptive circuits 
o​ Modulates DMN, RSN connectivity 
o​ Promotes synaptogenesis in PFC/limbic regions 

●​ Potential role in central sensitization and severe chronic pain (careful, off-label) 

 

Slide 10 – Case 1: Chronic Low Back Pain 

●​ 48-year-old with 3-year low back pain, minimal imaging findings 
●​ On PRN opioids, poor function, insomnia, anxiety 
●​ Discussion prompts: 

o​ Which mechanisms are likely driving pain now? 
o​ Where can we intervene (physical, psychological, pharmacologic, 

neuromodulation)? 

 

Module 2 – Opioids: β-Arrestin, Tolerance, and Addiction 
(≈55 minutes) 

Slide 11 – μ-Opioid and Dopamine Systems 

●​ μ-Opioid receptors (MOR): analgesia & reward 
●​ Dopamine D1/D2 receptors: motivation, reinforcement, mood 
●​ Acute opioid use: 

o​ Analgesia (spinal/brainstem) 
o​ Reward via mesolimbic dopamine 

 

Slide 12 – GPCR Basics 

●​ MOR and D1/D2 are G protein–coupled receptors (GPCRs) 
●​ Agonist binding → G-protein activation → downstream signaling 
●​ Chronic activation triggers regulatory systems to prevent overactivity 



 

Slide 13 – β-Arrestin–Mediated Desensitization 

●​ Agonist → GRK phosphorylation of receptor 
●​ β-arrestin 1/2 binds: 

o​ Blocks further G-protein coupling (desensitization) 
o​ Acts as adaptor for clathrin-coated pits → endocytosis 

Illustration:​
3-panel schematic of receptor activation → phosphorylation → β-arrestin binding and 
internalization. 

 

Slide 14 – Receptor Fate: Recycling vs Degradation 

●​ Internalized receptor can: 
o​ Be recycled to membrane 
o​ Be sent to lysosomal degradation 

●​ High-efficacy agonists (e.g., fentanyl) often → degradation of MOR 
●​ Chronic exposure → ↓ surface MOR & D2 → ↓ response to both exogenous and 

endogenous ligands 

 

Slide 15 – Clinical Consequences: Tolerance 

●​ ↓ Receptor density & signaling efficacy → pharmacologic tolerance 
●​ Patients need higher doses for same effect 
●​ Endogenous opioids less effective → anhedonia, decreased stress resilience 
●​ Tolerance ≠ “the patient is drug-seeking”; it is often predictable biology 

 

Slide 16 – Opioid-Induced Hyperalgesia (OIH) 

●​ Paradoxical increased pain with ongoing opioids 
●​ Mechanisms: 

o​ Loss of inhibitory MOR tone 
o​ Upregulation of pronociceptive systems (NMDA, glutamate) 
o​ Spinal neuroinflammation, glial activation 

●​ Clinical clues: 
o​ Diffuse pain beyond original site 
o​ Worse pain with higher doses 



 

Slide 17 – Opponent Process Theory and Opioids 

●​ Solomon & Corbit: A-process vs B-process 
o​ A: initial euphoria/analgesia 
o​ B: delayed dysphoria, hyperalgesia 

●​ Repeated use: 
o​ A gets weaker 
o​ B gets stronger, lasts longer 

●​ β-arrestin–mediated receptor loss + pronociceptive upregulation = cellular substrate for 
B-process 

Illustration:​
Opponent-process curve: shrinking positive spike, growing negative dip, baseline sliding 
downward. 

 

Slide 18 – Addiction as a Chronic Brain Disease 

●​ Persistent neuroadaptations in: 
o​ Reward circuits 
o​ Motivation/decision-making (PFC) 
o​ Stress systems (extended amygdala) 

●​ Drug use shifts from: 
o​ “Using to feel good” → “using to feel normal / avoid withdrawal” 

 

Slide 19 – Case 2: Escalating Opioid Use 

●​ 45-year-old with chronic back pain on 120 MME/day oxycodone 
●​ Worsening pain, low mood, sleep disturbance 
●​ Ask: 

o​ Tolerance vs OIH vs progression of disease? 
o​ How does β-arrestin biology change your management? 
o​ Would you continue to escalate the dose? 

 

Slide 20 – Transition to Ethics 

●​ Science shows: 
o​ Relief today can cause harm tomorrow via predictable neuroadaptation 

●​ Sets up conflict between: 



o​ Patient’s request for more immediate relief 
o​ Clinician’s duty to prevent long-term harm 

 

Module 3 – Benzodiazepines and Rebound (≈55 minutes) 

Slide 21 – GABA_A Receptors and BZDs: Acute Effects 

●​ GABA = main inhibitory neurotransmitter 
●​ GABA_A = Cl⁻ channel; BZDs are positive allosteric modulators 
●​ Increase Cl⁻ influx in presence of GABA → neuronal hyperpolarization 
●​ Clinical effects: anxiolytic, sedative, anticonvulsant, muscle relaxant 

Illustration:​
Receptor cartoon with BZD site and increased Cl⁻ flow. 

 

Slide 22 – Receptor Subtypes and α1 Importance 

●​ GABA_A configured from multiple subunits (α, β, γ, etc.) 
●​ BZDs preferentially bind receptors containing α1 (sedation, amnesia) and other α 

subunits (anxiolysis) 
●​ Subunit composition determines pharmacologic profile 

 

Slide 23 – PKA-Mediated Regulation (Physiologic State) 

●​ PKA phosphorylation of β subunits → regulates trafficking & subunit expression 
●​ Under normal conditions: 

o​ Balanced α1/α4 expression 
o​ Receptor density adjusts to physiologic needs 

 

Slide 24 – Chronic BZD Exposure: Maladaptive Plasticity 

●​ Prolonged use → ↑ Ca²⁺ influx → ↑ PKA → pCREB → ↑ ICER 
●​ ICER acts as transcriptional repressor of α1 gene 
●​ Parallel ↑ proteasomal degradation of subunits 
●​ Net effect: 

o​ ↓ α1 expression 
o​ ↓ BZD binding sites 



o​ ↓ GABA_A receptor density and chloride conductance​
→ Tolerance 

Illustration:​
Flowchart: BZD → Ca²⁺ → PKA → pCREB → ICER → ↓ α1 and ↑ degradation. 

 

Slide 25 – Compensatory Excitatory Upregulation 

●​ To maintain homeostasis, CNS: 
o​ Upregulates glutamatergic/NMDA signaling 
o​ Downshifts inhibitory tone 

●​ New set point: excitatory-dominant brain 
●​ Baseline anxiety threshold now lower; emotional reactivity higher 

 

Slide 26 – Discontinuation and Rebound 

●​ After BZDs are stopped: 
o​ GABA_A receptors still downregulated 
o​ Excitatory systems still upregulated 

●​ Result: CNS hyperexcitability 
●​ Clinical picture: 

o​ Rebound anxiety, insomnia, panic, muscle tension 
o​ Hyperalgesia, sensory hypersensitivity 
o​ Symptoms often worse than pre-treatment 

Illustration:​
Graph of anxiety vs time: baseline → drop with initiation → gradual creep up (tolerance) → 
spike above baseline post-discontinuation. 

 

Slide 27 – Opponent Process Applied to BZDs 

●​ A-process: acute calm, sedation, anxiolysis 
●​ B-process: gradually strengthening excitatory opponent state 
●​ Over time: 

o​ On-drug state becomes “less calm” (tolerance) 
o​ Off-drug state becomes extremely anxious (withdrawal/rebound) 

●​ Explains why long-term BZD therapy can produce the opposite of intended effect 

 



Slide 28 – Case 3: Long-Term Benzodiazepine Use 

●​ 60-year-old on clonazepam 1.5 mg nightly × 8 years 
●​ Severe insomnia and panic whenever dose reduced 
●​ Consider: 

o​ What do her receptors look like? 
o​ How does this justify a slow taper + non-pharmacologic supports? 
o​ What do you say when she asks, “Why can’t you just keep me on this dose 

forever?” 

 

Slide 29 – Transition to Ethics & Decision-Making 

●​ Opioids + BZDs offer powerful short-term relief 
●​ Their long-term neuroadaptations create: 

o​ Dependence, tolerance, hyperalgesia, rebound 
o​ Erosion of autonomy and function 

●​ We now need an ethics framework to navigate these tensions 

 

Module 4 – Ethics, Biopsychosocial Harm, and Shared Veto 
Authority (≈55 minutes) 

Slide 30 – The Four Principles of Medical Ethics 

●​ Autonomy – Respecting informed patient choices 
●​ Beneficence – Acting to benefit the patient 
●​ Non-maleficence – Avoiding harm, especially foreseeable harm 
●​ Justice – Fair resource use and community responsibility 
●​ We will apply these directly to opioid, BZD, and ketamine decisions 

 

Slide 31 – Biopsychosocial Harm in Pain Treatment 

●​ Biological: 
o​ Receptor downregulation, OIH, dependence, tolerance 

●​ Psychological: 
o​ Depression, anxiety, catastrophizing, impaired coping 

●​ Social: 
o​ Role loss, family conflict, job loss, legal issues, overdose death 

●​ Paternalism can be justified to prevent predictable biopsychosocial harm 



 

Slide 32 – Autonomy vs Paternalism 

●​ Autonomy: 
o​ Informed consent, respect for values and goals 
o​ Patient’s lived experience of pain is central 

●​ Paternalism: 
o​ Limiting patient’s preferred option to prevent serious harm 
o​ Especially relevant when neurobiology predicts loss of future autonomy 

(addiction, cognitive decline) 
●​ Key idea: 

o​ Paternalism here = protective, not authoritarian 

Illustration:​
Balance scale labeled “Autonomy” vs “Protective Paternalism” with “Neurobiology of harm” as 
the fulcrum. 

 

Slide 33 – Why Paternalism May Be Ethically Required 

●​ Opioids/BZDs/ketamine can: 
o​ Provide relief now 
o​ Predictably increase long-term risk (addiction, overdose, rebound, functional 

decline) 
●​ Clinician’s duty: 

o​ Not to provide a requested treatment when long-term harm is likely 
o​ To offer safer alternatives and honest explanation 

 

Slide 34 – Beneficence vs Non-Maleficence: Short-Term vs Long-Term 

●​ Short-term beneficence: 
o​ Pain relief, sleep, reduced anxiety 

●​ Long-term non-maleficence: 
o​ Avoiding receptor damage, OIH, dependence, withdrawal syndromes, 

biopsychosocial collapse 
●​ Ethically sound decision requires: 

o​ Balancing both timelines, not just today’s symptoms 

Table:​
Rows for opioids, BZDs, ketamine with short-term benefit vs long-term risk. 

 



Slide 35 – Shared Veto Authority Framework 

●​ For any high-risk therapy: 
o​ Both patient and prescriber must judge the risk–benefit ratio (short + long 

term) acceptable 
o​ Either has full veto authority to stop or not start treatment 

●​ If either is not comfortable with the risk–benefit ratio: 
o​ Both have a duty to veto the treatment 
o​ Veto triggers discussion of alternatives, not abandonment 

Illustration:​
Flowchart:​
Assess ST & LT risk–benefit → Patient decision (Yes/No) + Clinician decision (Yes/No) → Only 
double “Yes” → proceed; any “No” → veto + alternatives. 

 

Slide 36 – How Shared Veto Upholds the Principles 

●​ Autonomy: patient can refuse; preferences are central 
●​ Paternalism/non-maleficence: clinician can and must refuse if treatment is likely 

harmful 
●​ Beneficence: both parties commit to seeking options that maximize long-term well-being 
●​ Justice: avoids contributory overprescribing, diversion, community harm 

 

Slide 37 – Case 4: Opioid Escalation Request 

●​ Patient with chronic nonspecific back pain asks to increase oxycodone again 
●​ You suspect OIH and dependence 
●​ Discussion: 

o​ How do you explain your veto using the science (β-arrestin, OIH) and ethics 
(beneficence, non-maleficence)? 

o​ How do you still honor autonomy (alternative options, shared planning)? 

 

Slide 38 – Case 5: Benzodiazepine Refill 

●​ Long-term BZD user wants indefinite refills 
●​ Map: 

o​ GABA_A receptor damage, rebound, cognitive risk 
●​ Ask: 

o​ When does paternalism demand you say “no”? 
o​ How do you frame a slow taper as protection rather than punishment? 



 

Slide 39 – Case 6: Ketamine for Refractory Pain/Depression 

●​ Patient with severe, refractory symptoms, failed evidence-based therapies 
●​ Potential benefits vs uncertain long-term risks 
●​ Discuss: 

o​ Under what conditions would both of you say “yes”? 
o​ What monitoring, limitations, and exit plans honor both beneficence and 

non-maleficence? 

 

Slide 40 – Key Takeaways & Post-Test 

●​ Chronic pain and addiction are neuroplastic diseases, not just behavioral problems 
●​ β-arrestin (opioids) and GABA_A changes (BZDs) explain tolerance, hyperalgesia, 

rebound, and opponent processes 
●​ Ethical prescribing must weigh short-term relief against long-term harm 
●​ Shared veto authority operationalizes: 

o​ Autonomy 
o​ Protective paternalism 
o​ Beneficence & non-maleficence 
o​ Justice for patients and communities 

●​ Post-test questions & evaluation link 

 

1. β-arrestin, GPCRs, and what chronic opioids do to MOR 
and dopamine receptors 

Step 1: Normal GPCR signaling (acute drug effect – the “A-process”) 

●​ μ-opioid receptors (MOR) and dopamine D1/D2 receptors are G protein–coupled 
receptors (GPCRs). 

●​ When an agonist (morphine, fentanyl, endogenous endorphins, dopamine) binds: 
1.​ The receptor activates its G-protein. 
2.​ Downstream cascades produce analgesia, euphoria, reward, anxiolysis. 

●​ This is the initial positive affective state Solomon & Corbit call the “A-process”: pain 
relief, pleasure, calm. 

Step 2: β-arrestin recruitment (the built-in brake) 

The brain doesn’t like being overdriven forever, so GPCRs have a braking system: 



1.​ GRKs (G-protein receptor kinases) phosphorylate the activated receptor. 
2.​ Phosphorylation attracts β-arrestins (1 and 2). 
3.​ β-arrestin does two key things: 

o​ Desensitization: It physically blocks further G-protein coupling → the receptor is 
“on the surface but unplugged.” 

o​ Internalization: Acts as an adaptor to clathrin → receptor is endocytosed into the 
cell. 

Now the receptor is off the membrane and in an endosome. Two fates: 

●​ Recycled back to the surface (milder, physiologic down-tuning), or 
●​ Sent to lysosomes for degradation (more permanent loss of receptor). 

High-efficacy agonists (e.g., fentanyl) and chronic exposure bias toward degradation of MOR, 
and repeated dopamine stimulation does something similar to D2 receptors. 

Step 3: Chronic use → fewer receptors and weaker endogenous signaling 

With repeated opioid/dopamine stimulation: 

●​ MOR and D2 receptor density on the cell surface drops. 
●​ Endogenous opioids and dopamine now produce less effect because there are fewer 

receptors available. 
●​ The system is now under-responsive at baseline—this is the neurobiologic substrate for: 

o​ Tolerance 
o​ Anhedonia / dysphoria 
o​ Stress vulnerability 

That’s the cellular “set-up” for opponent process theory. 

 

2. How β-arrestin changes map onto Solomon & Corbit’s 
Opponent Process Theory 
Solomon & Corbit (1974) describe: 

●​ A-process: Immediate positive/negative affect when a stimulus occurs (euphoria, 
analgesia, sedation). 

●​ B-process: Slower, opposite-valence response that is initially weak but strengthens with 
repetition (dysphoria, hyperalgesia, craving). 

Now map the biology to the theory. 

A-process (acute opioid episode) 



●​ Drug hits MOR and D1/D2 → strong analgesia, euphoria, anxiolysis. 
●​ GPCRs signal normally; patient feels “better than baseline.” 

B-process (neuroadaptive response) 

●​ β-arrestin recruitment + receptor internalization/degradation → fewer MOR/D2 
receptors. 

●​ Parallel upregulation of pronociceptive systems (NMDA, glutamate, stress systems). 
●​ At baseline (between doses) the patient now lives in: 

o​ Less reward (anhedonia from D2 loss). 
o​ More pain (OIH mechanisms + reduced endogenous opioid efficacy). 
o​ More negative affect (stress circuits up, reward circuits down). 

Over repeated cycles: 

●​ The A-process shrinks (less euphoria/analgesia because receptors are downregulated). 
●​ The B-process grows (stronger dysphoria, hyperalgesia, stress state) and lasts longer. 

This is exactly what Solomon & Corbit describe: the opponent process comes to dominate 
baseline—a state of allostatic “dark side” where the drug is used primarily to escape the 
B-process, not to pursue the A-process. 

 

3. From opponent process to tolerance, dependence, OIH, 
and addiction 

Tolerance 

●​ Fewer MOR/D2 receptors + β-arrestin–mediated desensitization = less response per 
dose. 

●​ Clinically: dose escalation just to get back to the original effect → pharmacologic 
tolerance. 

Dependence 

●​ The nervous system has re-tuned itself around the presence of the drug: 
o​ Baseline reward is low, stress and pronociceptive tone are high (B-process). 

●​ When the drug level drops: 
o​ The “A-process” abruptly disappears, but the strengthened B-process persists → 

withdrawal: 
▪​ Dysphoria, hyperalgesia, GI distress, autonomic symptoms, cravings. 

●​ Dependence = the brain’s opponent process unmasked in the absence of the drug. 

Opioid-Induced Hyperalgesia (OIH) 



●​ MOR downregulation + weakened inhibitory opioid tone in pain pathways. 
●​ Compensatory upregulation of NMDA and glutamate and other pronociceptive 

systems. 
●​ Net effect: pain pathways are hyperexcitable → heightened sensitivity to pain, and 

opioids can actually worsen pain over time. 

Opponent process view: 

●​ Initial “A”: analgesia. 
●​ Opponent “B”: upregulated pronociceptive systems + reduced opioid receptors. 
●​ After repetition, B > A → taking the drug increases net pain over time. 

Addiction 

Put together: 

●​ Tolerance: A-process is weak; more drug needed. 
●​ Dependence: B-process is strong; withdrawal and dysphoria dominate. 
●​ OIH: B-process includes amplified pain. 

Clinically: 

●​ The person shifts from “I use opioids to feel good / relieve pain” to​
“I use opioids so I don’t feel horrible and in unbearable pain.” 

●​ Compulsive drug seeking, loss of control, continued use despite harm = the DSM picture 
of addiction. 

●​ The cellular β-arrestin changes and opponent process dynamics are the engine driving 
that behavioral syndrome. 

 

4. How paternalism + autonomy form a safety system to 
access beneficence & non-maleficence (risk to benefit ratio) 
for both short term and long term concerns.  
Given this neurobiology, purely “autonomy-driven prescribing” (“the patient wants it, so I give 
it”) is ethically inadequate. 

Why protective paternalism is justified 

●​ We know that chronic high-dose opioid use predictably: 
o​ Downregulates MOR/D2 via β-arrestin mechanisms. 
o​ Strengthens the B-process (tolerance, dependence, OIH, affective dysregulation). 

●​ That means the treatment we give today can erode the patient’s future autonomy: 



o​ Their capacity to choose freely is compromised by craving, withdrawal, 
cognitive/emotional changes. 

●​ Non-maleficence obligates us to avoid foreseeable long-term harm, not just immediate 
toxicity. 

Shared veto as a “fail-safe” 

Ethically coherent model: 

●​ Autonomy: 
o​ The patient has veto power: they can refuse opioids, taper, or any proposed 

therapy if they judge the risk–benefit ratio unacceptable. 
●​ Paternalism in service of beneficence & non-maleficence: 

o​ The clinician also has veto power: they must decline to initiate or escalate therapy 
when short-term or long-term harms (tolerance, dependence, OIH, addiction, 
overdose) outweigh benefits. 

●​ A treatment should proceed only if both patient and prescriber are comfortable with the 
short-term and long-term risk–benefit profile. 

●​ If either is not comfortable, both have a duty to veto that treatment and redirect to safer 
options. 

This is not “doctor knows best” authoritarianism; it’s a two-key launch system: autonomy + 
informed, protective paternalism guarding beneficence and non-maleficence for the long haul. 

 

5. Applying the same logic to benzodiazepines and Z-drugs 
Now the same structure with a different receptor system. 

Step 1: Acute benzodiazepine/Z-drug effect – the A-process 

●​ Benzos and Z-drugs are positive allosteric modulators of GABA_A receptors, 
especially those with the α1 subunit. 

●​ In the presence of GABA they increase chloride influx → neuronal hyperpolarization. 
●​ Clinically: rapid anxiolysis, sedation, muscle relaxation, sleep. 

That’s the positive A-process: relief of anxiety and insomnia. 

Step 2: Chronic use → GABA_A receptor downregulation and damage 

With long-term daily use: 

1.​ Increased Ca²⁺ influx and intracellular signaling activates PKA, then CREB. 
2.​ CREB upregulates ICER, a transcriptional repressor. 



3.​ ICER suppresses transcription of the α1 subunit gene. 
4.​ Proteasomal degradation of GABA_A subunits is upregulated. 

Net effects: 

●​ ↓ α1 expression → ↓ benzodiazepine-sensitive receptors. 
●​ ↓ total GABA_A receptor density on the membrane. 
●​ ↓ chloride conductance and inhibitory tone. 
●​ Parallel upregulation of glutamatergic/NMDA pathways to compensate. 

In other words, the brain adapts by making itself less responsive to GABA and 
benzodiazepines, and more excitatory overall. 

Step 3: This is the B-process for benzos/Z-drugs 

Opponent process framing: 

●​ A-process: acute calm, sedation, good sleep when the drug is taken. 
●​ B-process: gradual development of an underlying state of CNS hyperexcitability: 

o​ Less GABAergic inhibition (fewer receptors). 
o​ More glutamatergic excitation. 

Over time: 

●​ On-drug: effect is blunted → tolerance (“my Xanax doesn’t work anymore”). 
●​ Off-drug: the strengthened B-process is fully expressed → rebound: 

o​ Anxiety worse than baseline. 
o​ Insomnia worse than baseline. 
o​ Hyperarousal, irritability, sometimes hyperalgesia. 

So the long-term user eventually experiences the mirror image of the original 
indication—classic opponent process. 

Step 4: Tolerance, dependence, rebound, and benzodiazepine addiction 

●​ Tolerance: more drug needed for same anxiolytic/sedative effect because receptor 
density and sensitivity are reduced. 

●​ Dependence: the nervous system now requires drug to keep excitatory drive in check; 
abrupt cessation unmasks severe hyperexcitability (withdrawal). 

●​ Rebound: symptoms (anxiety, insomnia, panic) that are worse than pre-drug levels due 
to the dominant B-process. 

●​ Addiction (for a subset): compulsive use, dose escalation, use to avoid withdrawal 
rather than to treat anxiety/insomnia; craving and loss of control—again driven by the 
strengthened opponent B-process. 



Clinically: “These pills are the only thing that helps me” is often true in the short term, but their 
chronic use is simultaneously creating and amplifying the very state they’re treating. 

 

6. Ethical application to chronic benzodiazepine/Z-drug 
prescribing 
The same four-principles logic applies: 

Autonomy 

●​ Patients feel the relief and naturally want to continue it. 
●​ They may underestimate long-term receptor damage and rebound because those risks 

are delayed and invisible. 
●​ Respecting autonomy means transparent teaching about GABA_A plasticity and 

opponent process, and serious attention to the patient’s fears about insomnia/anxiety. 

Beneficence & Non-maleficence 

●​ Short-term beneficence: improved sleep, rapid anxiolysis, immediate symptom relief. 
●​ Long-term non-maleficence: avoid: 

o​ GABA_A receptor downregulation and excitatory dominance. 
o​ Rebound anxiety/insomnia, cognitive impairment, falls, dependence, withdrawal 

seizures. 

Given the known biology, indefinite nightly benzo/Z-drug use for primary insomnia or 
chronic anxiety is often not compatible with non-maleficence, even if short-term beneficence 
is obvious. 

Paternalism as fail-safe + shared veto 

●​ The clinician has a duty to veto long-term high-risk BZD/Z-drug regimens when the 
opponent-process harm is predictable, even if the patient requests continuation. 

●​ The patient retains the right to veto other proposed treatments (e.g., taper pace, non-BZD 
options, CBT-I) or decline certain risks. 

●​ The safest decisions emerge when: 
o​ Both parties explicitly evaluate short-term vs long-term risk–benefit. 
o​ Treatment proceeds only when both agree that the balance is acceptable. 
o​ When either is not comfortable, they must say no and redirect together. 

In that sense, paternalism is not the enemy of autonomy—combined properly, it’s a fail-safe 
that prevents us from trading a brief A-process (symptom relief) for a massive B-process 
(neurobiologic damage, addiction, and biopsychosocial collapse). 



 

One sentence summary 

β-arrestin-driven downregulation of opioid/dopamine receptors and benzodiazepine-induced 
GABA_A receptor damage are the neural correlates of Solomon & Corbit’s opponent process: 
they explain why chronic use produces tolerance, dependence, hyperalgesia, and rebound, and 
they justify a model in which patient autonomy and informed, protective paternalism share 
veto power to keep the short- and long-term risk–benefit ratio aligned with beneficence and 
non-maleficence. 

1. Opponent Process Theory & Addiction 
●​ Original opponent process theory of motivation (A– and B–processes, addiction 

model):​
Solomon RL, Corbit JD. An opponent-process theory of motivation: I. Temporal 
dynamics of affect. Psychological Review. 1974;81(2):119–145. DeepDyve 

●​ General overviews of opponent process theory and its application to emotion and 
addiction:​
High-level summaries and didactic explanations of OPT in contemporary psychology 
texts. JSTOR+1 

●​ Opponent process, “dark side” of addiction, and allostasis:​
Koob GF, Le Moal M. Plasticity of reward neurocircuitry and the ‘dark side’ of drug 
addiction. Nat Neurosci. 2005;8(11):1442–1444. Nature​
Koob GF, Le Moal M. Drug addiction, dysregulation of reward, and allostasis. 
Neuropsychopharmacology. 2001;24(2):97–129. University of Wisconsin Psychiatry 

 

2. β-Arrestin, GPCR Desensitization, and Receptor 
Downregulation 

●​ Canonical role of β-arrestins in GPCR phosphorylation, desensitization, 
internalization (clathrin-coated pits), and recycling vs degradation:​
Shenoy SK, Lefkowitz RJ. Multifaceted roles of β-arrestins in the regulation of 
seven-membrane-spanning receptor trafficking and signalling. Biochem J. 
2003;375:503–515. Frontiers​
Maudsley S et al. β-Arrestin-based receptor signaling paradigms: potential therapeutic 
targets for complex age-related disorders. Front Pharmacol. 2018;9:1369. Frontiers​
Javitch et al. review on β-arrestins in GPCR signaling and desensitization/internalization. 
Columbia University+1 

●​ MOR internalization/endocytosis and tolerance biology:​
Whistler JL et al. Functional dissociation of μ-opioid receptor signaling and endocytosis: 
implications for the biology of opiate tolerance and addiction. Neuron. 
1999;23(4):737–746. (cited in many later reviews). Frontiers 
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●​ Dopamine receptor signaling and regulation (including D1/D2 GPCR biology):​
Beaulieu JM, Gainetdinov RR. The physiology, signaling, and pharmacology of 
dopamine receptors. Pharmacol Rev. 2011;63(1):182–217. Princeton 
Math+2Pharmacological Reviews+2 

 

3. Opioid-Induced Hyperalgesia, Tolerance, and 
Neuroadaptation 

●​ Clinical description and differentiation of tolerance vs OIH:​
Angst MS, Clark JD. Opioid-induced hyperalgesia: a qualitative systematic review. 
Anesthesiology. 2006;104(3):570–587. ScienceDirect+1​
Ramasubbu C, Gupta A. Opioid-induced hyperalgesia. BJA Education. 
2017;17(10):353–358. Bjaed+1 

●​ Cellular/molecular mechanisms of OIH (NMDA, glutamate, central sensitization):​
Célérier E et al. Opioid-induced hyperalgesia: cellular and molecular mechanisms. 
Neuroscience. 2019;402:73–82. ScienceDirect 

 

4. Chronic Pain, Brain Networks, and Neuroplasticity 
●​ Altered DMN connectivity and pain encoding in chronic low back pain and other 

chronic pain states:​
Loggia ML et al. Default mode network connectivity encodes clinical pain: an arterial 
spin labeling study in chronic low back pain. J Neurosci. 2013;33(4):157–163. Harvard 
Scholar​
Kucyi A, Davis KD. Disruption of default mode network dynamics in acute and chronic 
pain. Neuroimage Clin. 2015;6:462–472. ScienceDirect 

●​ Insula and salience network involvement in chronic pain:​
Taylor AM et al. The role of the insula in chronic pain and associated structural 
changes: an integrative review. Cureus. 2023. Cureus+1 

●​ General neuroplasticity/opponent-process framing of chronic pain and addiction:​
Koob & Le Moal allostasis/dark-side papers above (Section 1). Nature+1 

●​ Ketamine’s rapid-acting analgesic/antidepressant, neuroplastic effects and 
RSN/DMN connectivity changes:​
Duman RS et al. reviews on ketamine’s antidepressant mechanisms and synaptogenesis; 
e.g., Zanos P, Gould TD. Mechanisms of ketamine action as an antidepressant. Nat Rev 
Neurosci. 2018. (Synthesized in more recent reviews) JAMA 
Network+3Frontiers+3ScienceDirect+3 
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5. Addiction as a Chronic Brain Disease & Allostasis 
●​ Addiction as chronic, relapsing brain disease with neuroadaptations in reward, 

motivation, and stress systems:​
Volkow ND, Koob GF, McLellan AT. Neurobiologic advances from the brain disease 
model of addiction. N Engl J Med. 2016;374(4):363–371. Cognitive Science at UC San 
Diego​
Koob GF, Le Moal M. Drug Addiction, Dysregulation of Reward, and Allostasis. 
Neuropsychopharmacology. 2001;24(2):97–129. University of Wisconsin Psychiatry 

●​ Antireward systems, negative affect stage of addiction:​
Koob GF. Addiction and the brain antireward system. Annu Rev Psychol. 
2008;59:29–53. Cognitive Science at UC San Diego 

 

6. GABA_A Receptors, Benzodiazepine Plasticity, and 
Rebound 

●​ Basic GABA_A receptor structure, α1 subunit, and pharmacologic diversity:​
Olsen RW, Sieghart W. GABAA receptors: subtypes provide diversity of function and 
pharmacology. Neuropharmacology. 2009;56(1):141–148. 
Drugs-Forum+3ScienceDirect+3Europe PMC+3 

●​ Subunit composition, distribution, and function of GABA_A receptors:​
Sieghart W, Sperk G. Subunit composition, distribution and function of GABA(A) 
receptor subtypes. Curr Top Med Chem. 2002;2(8):795–816. PLOS+1 

●​ Benzodiazepine-induced α1 downregulation and ICER/CREB involvement:​
Díaz MR et al. (representative work) show that chronic diazepam decreases α1 
expression with CREB activation and ICER induction. ScienceDirect+1 

●​ Mechanisms of benzodiazepine tolerance: changes in GABA_A subunit expression, 
intracellular signaling, glutamatergic upregulation, etc.:​
Vinkers CH, Olivier B. Mechanisms underlying tolerance after long-term benzodiazepine 
use: a future for subtype-selective GABAA receptor modulators? Adv Pharmacol Sci. 
2012;2012:416864. Genesis Publishing+3Europe PMC+3UU Research Portal+3 

●​ GABA_A receptor modulators, tolerance & dependence, and abuse liability:​
Licata SC, Rowlett JK. Abuse and dependence liability of benzodiazepine-type drugs: 
GABAA receptor modulation and beyond. Pharmacol Biochem Behav. 2008;90(1):74–89. 
ScienceDirect+2SpringerLink+2​
Various reviews on GABA_A subtypes and benzodiazepine use/misuse/abuse. 
Frontiers+1 

●​ Clinical benzodiazepine dependence, withdrawal and rebound phenomena:​
Lader M. Benzodiazepine dependence, toxicity and abuse. Br J Clin Pharmacol. 
2011;77(2):295–301. Mayo Clinic Proceedings 
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7. Ethical Principles: Autonomy, Beneficence, 
Non-Maleficence, Justice 

●​ Original formulation of the four principles of biomedical ethics:​
Beauchamp TL, Childress JF. Principles of Biomedical Ethics. Oxford University Press; 
multiple editions since 1979. NLM Catalog+2Oxford University Press+2 

●​ Contemporary summaries of the four-principles approach (autonomy, beneficence, 
non-maleficence, justice):​
Overviews used in clinical ethics teaching and practice. Healthcare Ethics and 
Law+2Institute for Bioethics+2 

These ethics sources underpin the way I’ve been framing: 

●​ Respect for autonomy (patient’s right to choose), 
●​ The clinician’s obligation to beneficence and non-maleficence (especially long-term 

neurobiologic harms), and 
●​ The idea that shared veto authority is a way to operationalize these principles when 

considering high-risk therapies like chronic opioids, benzodiazepines or Z drugs.  

Chronic opioid use doesn’t just act on neurons; it also “wakes up” the other brain—glial cells 
(astrocytes, microglia, and others)—and pushes them into a pro-inflammatory, neurotoxic mode. 
That’s essentially the story Douglas Fields tells in The Other Brain: glia aren’t passive glue; 
when they become “diseased” or chronically reactive, they drive conditions like chronic pain and 
psychiatric illness. Amazon+2Google Books+2 

Here’s how that ties together with opioid-induced hyperalgesia (OIH) and opioid use disorder 
(OUD). 

 

1. How chronic opioids activate astrocytes and microglia 

a. Glia as active immune cells in the CNS 

●​ Astrocytes and microglia are the main neuroimmune cells in brain and spinal cord. 
●​ When activated, they release pro-inflammatory cytokines (TNF-α, IL-1β, IL-6), 

chemokines, nitric oxide, reactive oxygen species, and other mediators that modulate 
synapses and neuronal excitability. Neurotherapeutics Journal+2SpringerLink+2 

●​ Fields highlights this general principle in The Other Brain: abnormal glial activation is 
central to chronic pain and multiple CNS diseases, not just a side effect. 
Amazon+2Simon & Schuster+2 

b. Opioids as glial activators, not just neuronal agonists 

Chronic exposure to opioids like morphine or fentanyl: 

https://catalog.nlm.nih.gov/discovery/fulldisplay/alma9915999123406676/01NLM_INST%3A01NLM_INST?utm_source=chatgpt.com
https://www.healthcareethicsandlaw.co.uk/intro-healthcare-ethics-law/principlesofbiomedethics?utm_source=chatgpt.com
https://www.healthcareethicsandlaw.co.uk/intro-healthcare-ethics-law/principlesofbiomedethics?utm_source=chatgpt.com
https://www.amazon.com/Other-Brain-Scientific-Breakthroughs-Revolutionize/dp/0743291425?utm_source=chatgpt.com
https://www.neurotherapeuticsjournal.org/article/S1878-7479%2823%2901305-3/fulltext?utm_source=chatgpt.com
https://www.amazon.com/Other-Brain-Scientific-Breakthroughs-Revolutionize/dp/0743291425?utm_source=chatgpt.com


●​ Activates microglia and astrocytes in spinal cord and brain, shown by increased 
markers such as Iba1 (microglia) and GFAP (astrocytes). 
ScienceDirect+2SpringerLink+2 

●​ Can signal not only through μ-opioid receptors but also through Toll-like receptor 4 
(TLR4) and related innate immune pathways on glia, which are highly pro-inflammatory. 
ScienceDirect+2SpringerLink+2 

●​ Leads to release of cytokines like TNF-α, IL-1β, IL-6 into the spinal dorsal horn and 
other pain-processing regions. ScienceDirect+2SpringerLink+2 

In short: repeated opioids turn glia from “support and repair” cells into chronic 
neuroinflammatory amplifiers. 

 

2. Glial cytokines → chronic inflammation → opioid-induced 
hyperalgesia (OIH) 
Several converging mechanisms: 

1.​ Central sensitization of dorsal horn neurons 
o​ Cytokines (TNF-α, IL-1β, IL-6, IL-18) released by activated microglia and 

astrocytes increase excitatory transmission (e.g., glutamate) and decrease 
inhibitory transmission (GABA, glycine) in spinal nociceptive circuits. 
SpringerLink+2SpringerLink+2 

o​ This lowers the threshold for pain signaling and magnifies incoming nociceptive 
input. 

2.​ Potentiation of NMDA and other pronociceptive systems 
o​ Pro-inflammatory glial mediators enhance NMDA receptor function and 

contribute to long-term potentiation–like changes in pain pathways—core features 
of OIH. ScienceDirect+2SpringerLink+2 

3.​ Reactive astrogliosis as a driver of OIH 
o​ Recent work shows reactive astrocytes (astrogliosis), rather than microglia alone, 

are crucial for OIH, with neuron–astrocyte signaling (e.g., via Wnt pathways) 
controlling this response. BioRxiv+2Nature+2 

4.​ Behavioral OIH in animal and human models 
o​ Blocking glial activation or cytokine signaling (e.g., with glial modulators like 

ibudilast or minocycline) can reduce OIH and opioid tolerance in preclinical 
models, underscoring glia’s causal role. ScienceDirect+2Neurotherapeutics 
Journal+2 

Clinically, this glial-driven neuroinflammation manifests as: 

●​ Worsening, more diffuse pain despite higher opioid doses. 
●​ Lowered pain threshold and heightened response to normally nonpainful stimuli—classic 

OIH. 

https://www.sciencedirect.com/science/article/pii/S2452073X23000338?utm_source=chatgpt.com
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https://www.sciencedirect.com/science/article/pii/S0306452216302597?utm_source=chatgpt.com
https://link.springer.com/article/10.1007/s10787-023-01402-x?utm_source=chatgpt.com
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https://www.biorxiv.org/content/10.1101/2021.06.19.449129v2.full.pdf?utm_source=chatgpt.com
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3. How glial activation contributes to opioid use disorder 
(OUD) 
Neuroinflammation isn’t limited to pain circuits; it also affects reward, mood, and cognition. 

a. Glial modulation of reward pathways 

●​ Opioids activate microglia in ventral tegmental area (VTA) and other reward regions, 
altering dopamine signaling and synaptic plasticity. ScienceDirect+2ScienceDirect+2 

●​ Glial cytokines and inflammatory mediators can: 
o​ Blunt normal reward signaling (anhedonia). 
o​ Distort learning and habit formation related to drug cues. 

b. Neuroimmune contribution to addiction processes 

Recent reviews highlight: 

●​ Chronic opioids produce neuroimmune changes—microglial activation, astrocyte 
dysfunction, and cytokine shifts—that interact with classic dopamine/opioid receptor 
adaptations to drive tolerance, withdrawal, negative affect, and craving. 
JCI+3European Society of Medicine -+3Biological Psychiatry+3 

●​ Neuroinflammation in people with substance use disorders can now be visualized using 
PET and other imaging markers, supporting a real glial component of OUD, not just a 
theoretical one. JCI+1 

c. Linking to clinical OUD 

Put together: 

●​ Pain side: Glial-driven OIH pushes patients toward higher doses and more frequent 
dosing. 

●​ Reward/mood side: Neuroinflammation contributes to dysphoria, anhedonia, and 
stress—core elements of the “dark side” of addiction and negative reinforcement drug 
taking. Omics Online Publishing+2Neurotherapeutics Journal+2 

●​ That combination (more pain + less natural reward + stronger negative affect) strongly 
favors: 

“I take opioids not to feel good, but to avoid feeling awful.” 

That’s the classic shift from positive to negative reinforcement that defines opioid use 
disorder. 

 

https://www.sciencedirect.com/science/article/pii/S0149763422000306?utm_source=chatgpt.com
https://esmed.org/MRA/mra/article/download/2955/193546233/?utm_source=chatgpt.com
https://www.jci.org/articles/view/172884?utm_source=chatgpt.com
https://www.omicsonline.org/open-access-pdfs/restoring-glial-cells-ability-to-protect-neurons-during-opioid-addiction.pdf?utm_source=chatgpt.com


4. How this fits the Douglas Fields “Other Brain” 
perspective 
In The Other Brain, Douglas Fields emphasizes that: 

●​ Glia make up the majority of brain cells and have their own signaling systems. 
●​ Diseased or chronically activated glia contribute to chronic pain, neurodegeneration, 

and psychiatric illness. Amazon+2Google Books+2 

Chronic opioid exposure is essentially a glial disease-inducing stimulus: 

●​ It converts supportive glia into reactive, pro-inflammatory cells, 
●​ Which then: 

o​ Sensitize pain pathways (OIH), and 
o​ Distort reward and stress circuits (fueling OUD). 

That’s the “other brain” in action: the glial network becomes a major driver of both chronic pain 
and addiction. 
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Multiple Choice Questions 
1. Which of the following best distinguishes acute pain from chronic pain?​
A. Acute pain has no identifiable cause; chronic pain always has a structural lesion​
B. Acute pain is always more severe than chronic pain​
C. Acute pain typically resolves within 3–6 months and is protective; chronic pain persists 
beyond normal healing and reflects maladaptive neuroplasticity​
D. Acute pain is purely psychological; chronic pain is purely biological 

 

2. “Neurons that fire together, wire together” refers to which principle?​
A. Opponent process theory​
B. Hebbian plasticity​
C. Gate control theory​
D. All-or-none principle 

 

3. In chronic pain, abnormal coupling of the Default Mode Network (DMN) with which 
regions are 2454most associated with persistent pain experience and rumination?​
A. Occipital cortex and cerebellum​
B. Insula and anterior cingulate cortex​
C. Brainstem and hypothalamus​
D. Amygdala and hippocampus only 

 

4. Chronic “wind-up” of gamma efferent neurons most directly contributes to which 
clinical phenomenon?​
A. Visual hallucinations​
B. Hypotonia and muscle atrophy​
C. Persistent muscle hypertonicity and myofascial pain​
D. Increased heart rate variability 

 

5. Ketamine’s potential benefit in chronic, centrally sensitized pain is most closely linked to 
which mechanism?​
A. Direct agonism at μ-opioid receptors​
B. NMDA receptor antagonism and promotion of neuroplastic “reset” in cortical networks​
C. Irreversible blockade of sodium channels​
D. Permanent degeneration of pain fibers 

 



6. β-arrestin is primarily involved in which process for G protein–coupled receptors 
(GPCRs) such as μ-opioid receptors?​
A. Synthesis of new receptors in the nucleus​
B. Phosphorylation of receptors to activate G-protein signaling​
C. Desensitization and internalization of phosphorylated receptors​
D. Conversion of GPCRs into ligand-gated ion channels 

 

7. What is the most direct consequence of chronic β-arrestin–mediated internalization and 
degradation of μ-opioid receptors (MORs)?​
A. Increased sensitivity to endogenous opioids​
B. Decreased receptor density on the cell surface and reduced response to opioids​
C. Upregulation of MORs and enhanced analgesia​
D. Conversion of MORs into dopamine receptors 

 

8. Opioid-induced hyperalgesia (OIH) is best described as:​
A. Worsening pain due to progression of structural disease only​
B. Increased pain sensitivity driven by reduced inhibitory opioid tone and upregulation of 
pronociceptive systems​
C. An allergic reaction to opioids​
D. The same process as simple pharmacologic tolerance 

 

9. In Solomon and Corbit’s opponent process theory, the “B-process” refers to:​
A. The initial euphoric/analgesic response to a drug​
B. A neutral emotional state following drug use​
C. A delayed, opposite-valence state (dysphoria, hyperalgesia) that strengthens with repeated 
exposure​
D. Random fluctuations in mood unrelated to drug use 

 

10. Over time, repeated opioid use typically produces which pattern according to opponent 
process theory?​
A. Stronger A-process and weaker B-process​
B. Weaker A-process and stronger, more persistent B-process​
C. Stable A- and B-process magnitudes​
D. Disappearance of both A- and B-processes 

 



11. Which combination best captures the triad linking chronic opioid use to addiction 
within the opponent-process and neurobiologic framework?​
A. Tolerance, anhedonia, and improved pain control​
B. Tolerance, dependence/withdrawal, and opioid-induced hyperalgesia​
C. Increased receptor density, less craving, and less pain​
D. Hyperalgesia, but no change in reward circuitry 

 

12. Benzodiazepines and Z-drugs acutely exert their main effect by:​
A. Directly opening chloride channels in the absence of GABA​
B. Positively modulating GABA_A receptors to increase chloride influx in the presence of 
GABA​
C. Blocking NMDA receptors in the spinal cord​
D. Inhibiting dopamine transporters in the nucleus accumbens 

 

13. Chronic benzodiazepine exposure is associated with which set of receptor-level 
changes?​
A. Increased α1 subunit expression and increased GABA_A receptor density​
B. Reduced α1 subunit expression, increased ICER, and enhanced proteasomal degradation of 
GABA_A receptors​
C. Conversion of GABA_A receptors into GABA_B receptors​
D. Permanent blockade of benzodiazepine binding sites without structural changes 

 

14. Clinically, the “rebound” phenomenon after long-term benzodiazepine discontinuation 
(worse anxiety and insomnia than baseline) best reflects which process?​
A. Acute allergic reaction to GABA​
B. Unmasking of a strengthened opponent B-process and CNS hyperexcitability after loss of 
drug​
C. Placebo effect​
D. Rapid regeneration of GABA_A receptors 

 

15. Which statement best connects chronic benzodiazepine/Z-drug use with opponent 
process theory?​
A. The A-process is chronic anxiety and the B-process is brief calm​
B. The A-process is acute anxiolysis/sedation; the B-process is a progressively stronger 
excitatory state that drives tolerance, dependence, and rebound​
C. The A-process and B-process both produce identical sedation​
D. Opponent process theory does not apply to benzodiazepines 



 

16. In Douglas Fields’ “The Other Brain,” glial cells are emphasized because:​
A. They are inert scaffolding with no role in disease​
B. They regulate blood pressure but not brain function​
C. They actively modulate neural signaling, inflammation, and can drive chronic pain and 
psychiatric illness when chronically activated​
D. They only function in the peripheral nervous system 

 

17. Chronic opioid exposure can activate microglia and astrocytes. A major downstream 
effect of this activation is:​
A. Reduced cytokine production and decreased synaptic excitability​
B. Increased release of pro-inflammatory cytokines (e.g., TNF-α, IL-1β, IL-6) that promote 
central sensitization​
C. Permanent shutdown of NMDA receptors​
D. Immediate regeneration of opioid receptors 

 

18. How do glial-mediated inflammatory changes contribute to opioid-induced hyperalgesia 
(OIH)?​
A. By increasing endogenous opioid production in the spinal cord​
B. By enhancing inhibitory GABAergic signaling in pain pathways​
C. By increasing glutamatergic/NMDA signaling and lowering the threshold for nociceptive 
neuron activation​
D. By directly blocking transmission in peripheral nociceptors only 

 

19. Which statement best links glial activation to opioid use disorder (OUD)?​
A. Glial activation only affects motor control, not reward or pain circuits​
B. Neuroinflammation from activated glia can worsen pain, dysphoria, and stress, pushing 
patients toward compulsive opioid use to escape the negative state​
C. Glial activation eliminates withdrawal symptoms​
D. Glial activation is protective against addiction 

 

20. In the four principles framework, “non-maleficence” in the context of chronic opioid or 
benzodiazepine prescribing primarily refers to:​
A. Maximizing immediate symptom relief regardless of long-term outcomes​
B. Avoiding any medication that has side effects​
C. Avoiding foreseeable harm, including long-term neuroadaptations like tolerance, dependence, 



OIH, or rebound​
D. Ensuring patients always get their requested medications 

 

21. The concept of “shared veto authority” between patient and prescriber is best described 
as:​
A. Only the prescriber can veto a treatment​
B. Only the patient can veto a treatment​
C. Both patient and prescriber must independently agree that short- and long-term risk–benefit is 
acceptable; if either is uncomfortable, the treatment should not proceed​
D. Neither party can veto once treatment has started 

 

22. Protective paternalism is most ethically justified when:​
A. A patient is in pain and requests any medication​
B. A requested treatment carries a predictable high risk of long-term harm (e.g., addiction, OIH, 
severe rebound) despite short-term benefit​
C. A clinician wants to avoid difficult conversations​
D. Guidelines prohibit all controlled substances 

 

23. Which scenario best illustrates a conflict between short-term beneficence and long-term 
non-maleficence?​
A. Prescribing a brief course of opioids for an acute fracture​
B. Maintaining high-dose opioids indefinitely for chronic nonspecific low back pain despite 
escalating dose and worsening function​
C. Using a TENS unit for chronic back pain​
D. Recommending physical therapy and CBT 

 

24. Which of the following is most accurate regarding addiction in this framework?​
A. Addiction is purely a moral failing with no neurobiologic basis​
B. Addiction is a chronic, relapsing brain disease involving neuroadaptations in reward, 
motivation, and stress systems, including receptor and glial changes​
C. Addiction is defined solely by the presence of physical withdrawal​
D. Addiction occurs only when patients use illicit drugs 

 

25. Which statement best integrates the science and ethics of prescribing high-risk CNS 
drugs (opioids, benzodiazepines, Z-drugs, ketamine)?​
A. If a drug relieves symptoms, ethical practice requires continuing it indefinitely​



B. Respect for autonomy alone is sufficient to justify long-term high-dose therapy if the patient 
requests it​
C. Understanding neuroplasticity, receptor/glial changes, and opponent process dynamics 
supports a model where autonomy and protective paternalism jointly guide decisions to optimize 
long-term beneficence and minimize harm​
D. Ethical concerns are irrelevant if the prescription is legal 

 

Answer Key 
1.​ C 
2.​ B 
3.​ B 
4.​ C 
5.​ B 
6.​ C 
7.​ B 
8.​ B 
9.​ C 
10.​B 
11.​B 
12.​B 
13.​B 
14.​B 
15.​B 
16.​C 
17.​B 
18.​C 
19.​B 
20.​C 
21.​C 
22.​B 
23.​B 
24.​B 
25.​C 

 

 

 
 


