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OPIOIDS, ANALGESIA AND 
PAIN

Analgesia – absence of pain without the loss of 
consciousness.    

Opioid – natural and semisynthetic alkaloids derived 
from opium poppy (historically called opiates) and their 
pharmacologically similar synthetic ligands, as well as 
endogenous peptides that act at opiate receptors

Efficacy of morphine in pain control

-No substantial evidence supports the notion that any other opioid 
has greater efficacy or fewer side effects than morphine.

-there is no upper limit to the dosage and the achievable pain 
relief as long as the dose is increased gradually to allow tolerance 
to develop to adverse effects (especially respiratory depression).

(**remember the dose that the Dr. Michefelder’s CRPS patient received; >400mg daily compared to
typical 4 mg daily dose)

-Opioids are invaluable in palliative care to alleviate the severe, 
chronic, disabling pain of terminal conditions such as cancer. Very 
high doses are often required to improve the patients' terminal 
quality-of-life.  

Take home message!!!Take home message!!!
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The WHO Pain Ladder
Bottom rung of ladder (mild pain): Non opioid +/- adjuvant
Middle rung of ladder (moderate pain): Weak opioid +/- non opioid +/- adjuvant
Highest rung of ladder (severe pain): Strong opioid +/- non opioid +/- adjuvant

Definitions
1. Non opioid: aspirin, paracetamol (acetaminophen), non-steroidal anti-inflammatory 
drugs (NSAIDs) such as diclofenac or ibuprofen

2. Weaker opioid: tramadol, codeine, dihydrocodeine

3. Strong opioid: morphine, diamorphine (heroin), fentanyl, buprenorphine, oxycodone, 
hydromorphone

4. Adjuvant: antidepressants, anticonvulsants, steroids, muscle relaxants, exercise, 
psychological support, temperature therapy, primal therapy, hydrotherapy, acupuncture

See Henry Stewart Talks for more information

http://www.hstalks.com/main/browse_talk_info.php?talk_id=1174&c=252

Opioid Receptor System

-Three major classes of opioid receptors: mu, kappa and delta
(convention abbreviates these to MOR, KOR and DOR, respectively).  

-All are negatively coupled to adenylyl cyclase by a Gi-protein
serves to decrease the synthesis of cAMP
reduce the activity of several intracellular enzymes.  

-Stimulating opioid receptors inhibitsneuronal activity via increasing
K+ conduction and/or decreasing Ca2+ conductance (Fig. 1 & 2). 

-Opioid receptors are acted upon by endogenous opioid peptides 
with varying affinity for the various subtype (see Table 1).  

How Opioids induce Analgesia

Figure 1

Post-synaptic feature

Pre-synaptic feature

How Opioids induce Analgesia
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Receptor Subtype Functions Endogenous Opioid 
Peptide Affinity

mu (µ) Supraspinal and spinal 
analgesia; sedation; 

inhibition of respiration; 
slowed GI transit; 

modulation of hormone and 
neurotransmitter release

Endorphins > enkephalins 
> dynorphins

delta (δ) Supraspinal and spinal 
analgesia; modulation of 

hormone and 
neurotransmitter release

Enkephalins > endorphins 
and dynorphins

kappa (κ) Supraspinal and spinal 
analgesia; 

psychotomimetic effects; 
slowed GI transit

Dynorphins > > endorphins 
and enkephalins

Figure 2

Table 1

How Opioids induce Analgesia

µ Opiate Receptor
• μ-receptors exist presynaptically in the 

periaqueductal gray (PAG) region, and in the 
superficial dorsal horn of the spinal cord. 

Other areas where μ-receptors have been located include:

-external plexiform layer of the olfactory bulb

-nucleus accumbens

-several layers of the cerebral cortex (limbic cortex)

-nuclei of the amygdala

-primary afferent neurons in the DRG

• μ-receptor has high affinity for morphine, 
hydrocodone, and methadone

• μ-receptor has high affinity for endogenous opioids 
enkephalins and β-endorphin but low affinity for 
dynorphins

How Opioids induce Analgesia

µ Opioid Receptor cont.

•Largely inhibitory

–Inhibition of adenylate cyclase

•Postsynaptic neuronal hyperpolarization 

–Increased outward potassium currents

• Presynaptic block of neurotransmitter release

– Block of calcium uptake

• nearly all leukocytes exhibit µ receptor!
-opioids can and do impact both innate and acquired
immune system response
-µ opioid agonists à upregulation of HIV-1 co-receptors

How Opioids induce Analgesia
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Kappa Receptor (κ) endogenous agonist is dynorphin

•   widely distributed in the brain, spinal cord, and in pain 
neurons

•   Only modest analgesia

• Little or no respiratory depression

• Little or no dependence 

• Dysphoric effects

Delta Receptor (δ)
• It is unclear what delta’s responsible for.

• δ-agonists show poor analgesia and little addictive 
potential

• May regulate µ receptor activity

How Opioids induce Analgesia

κ receptor 

µ receptor 

δ receptor 

WBCs CNS PNS

WBCs CNS PNS

WBCs CNS PNS

Other
organs

Other
organs

Other
organs

Source: Genomics Institute
of the Novartis Research Foundation

Opioid Receptor Gene Expression Array in Mouse

Figure 2

SITES OF ACTION Specific Pathways Affected by Opioids

How Opioids induce Analgesia
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SUMMARY (opioid receptors)

How Opioids induce Analgesia

Opioid Effects on PAIN TRANSMISSION
-Signaling via opioid receptors on peripheral nerve endings, reduce the release of inflammatory mediators

by reducing Ca2+ conductance (e.g., substance P) 

-Activation of  opioid receptors on C-fiber associated “silent nociceptors”  decreases 
the Ca2+-dependent release of excitatory transmitters (glutamate).

-Secondary afferent neurons within the dorsal horn also express mOR which when activated hyperpolarizes the cell 
effectively decreasing firing rate.

Opioid Effects on PAIN MODULATION
-Opioid analgesics are the ONLY clinically available drugs used that can modulate the subjective component to pain.  

-This is due to their ability to activate mOR and suppress neuronal firing in limbic brain regions.  

(eg. patients report that, although they can still sense pain, 
they are no longer bothered by it). 

Opioids Induce Analgesia by Reducing the 
Amount of Incoming Information

How Opioids induce Analgesia

SUMMARY (opioid actions)

OPIOID ANALGESICS:
Common Features

1.  Chemical aspects.

• Morphine, codeine and papaverine are alkaloids derived 
from Papaver somniferum.  

• Semisynthetic alkaloid compounds include efficacious 
analgesics (e.g., hydromorphine) and antagonists (e.g., 
naloxone).  

• Fully synthetic compounds exhibit greatly enhanced 
analgesic efficacy (e.g., fentanyl), decreased abuse liability 
(e.g., pentazocine), increased oral bioavailability and/or 
prolonged duration of action (e.g., methadone).

fentanyl

Opioid Analgesics
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OPIOID ANALGESICS:
Common Features

2. Pharmacodynamics.

• The analgesic potency of most opioids largely 
resides in their high affinity for the MOR.  

• KOR and DOR contribute to the attenuation of 
pain perception. 

• There is no plateau on the opioid dose-response 
curve, so there is no ceiling for opioids.

• Increases in an opioid dose most often advance 
drug efficacy, and increased analgesia is produced 
with each dose escalation.

Opioid Analgesics

OPIOID ANALGESICS:
Common Features

2. Pharmacodynamics (cont’).

Opioid Receptor Physiology

Mu/Delta

analgesia at supraspinal and spinal 
levels, euphoria, drowsiness, 
respiratory depression, dependence, 
endocrine effects, nausea, 
constipation, miosis

Kappa
analgesia largely at spinal level, 
dysphoria

Opioid Analgesics

OPIOID ANALGESICS:
Common Features

3.  Pharmacokinetics. 

• Lipophilic; readily absorbed from the     
gastrointestinal tract.  

• The effect of a given dose is less after oral than 
after parenteral administration due to 
(variable) first-pass metabolism in the liver.  

• Morphine ~ 25%.  Codeine ~ 60% . 

• Levorphanol, oxycodone and methadone all share a high oral-

parenteral potency ratio due to less first-pass metabolism in 
the liver.  

Opioid Analgesics
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OPIOID ANALGESICS:
Common Features

3.  Pharmacokinetics - Metabolism. 
• When given intravenously, opioids act promptly 

(within seconds to minutes).

• Morphine:  conjugation with glucuronic acid to form 
both active and inactive products.  

-T1/2 = 2 hr.

• Codeine is metabolized by the liver and excreted 
chiefly in the urine, largely in inactive forms.

-approximately 10% of administered codeine
is demethylated to form morphine 
- T1/2 = 2-4 hr. 

Opioid Analgesics

Tolerance and Dependence

Opioid Analgesics

OPIOID ANALGESICS:
Common Features

4.  Tolerance, dependence and addiction  

Tolerance is produced by exposure to a drug induces that leads to decreased 
efficacy over time 

Acute tolerance (i.e. Tachyphylaxis) can be demonstrated over a matter of 
hours following  a single high dose or rapid infusion   

Chronic tolerance takes more time to develop. It may be seen after several
days of  therapy (or longer) and can be first recognized by a decrease in the 
duration of analgesia. 

Physical dependency Exhibited ONLY seen when the opioid is stopped
abruptly or the dose is markedly decreased.  

Physical Dependence does NOT indicate addiction, and that 

difference should be made clear to the patients and their caregivers.

Opioid Analgesics
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OPIOID 
ANALGESICS:
Common Features

4. Tolerance cont.

High Degree of 
Tolerance

Moderate Degree of 
Tolerance

Minimal or No 
Tolerance

Euphoria, dysphoria

Mental clouding

Sedation

Respiratory 
depression

Antidiuresis

Nausea & vomiting

Cough suppression

“Heightened Pain”

Bradycardia

Miosis

Constipation

Convulsions

Antagonist actions

Opioid Analgesics

Opiate Action
• Analgesia

• Respiratory Depression

• Euphoria

• Relaxation and sleep

• Tranquilization

• Decreased blood pressure

• Constipation

• Pupillary constriction

• Hypothermia

• Drying of secretions

• Reduced sex drive

• Flushed and warm skin

Symptoms of physical dependence: 
(revealed upon opioid withdrawal)

Opioid Analgesics

Withdrawal Sign
Pain and irritability

Hyperventilation

Dysphoria and depression

Restlessness and insomnia

Fearfulness and hostility

Increased blood pressure

Diarrhea

Pupillary dilation

Hyperthermia

Lacrimation, runny nose

Spontaneous ejaculation

Chilliness and “gooseflesh”

Tolerance and 
Implementing Pain Therapy

• If an opioid analgesic is to be substituted with 
another opioid, the equivalent doses can be 
used as an approximate guide to dosage 
conversion.

• Modify if the patient has developed tolerance.  

• Cross-tolerance between opioid analgesics 

exists, but is not complete.

Opioid Analgesics
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Cautionary tale:

• opioid therapy aiming at alleviating pain may render
patients more sensitive to pain and potentially may
aggravate their preexisting pain (form of tolerance)

à “Opioid-induced hyperalgesia” or “OIH”

• Evidence suggests that there is are common  
intracellular pathways are shared between pathologic
pain states and opioid tolerance

**Evidence of morphine interacting with the non-classical opioid receptor, 
toll-like receptor 4 (TLR-4) [Hutchinson et al., 2009]

• Mechanisms underlying OIH are largely unknown but
may be dependent on NMDA receptors

à Use of low dose ketamine (NMDA receptor antagonist) 
reduces OIH

Implementing Pain Therapy

Vanderah et al, J Neurosc 2001

Rat studies: Rat studies: 
Hyperalgesia Hyperalgesia 
during opioid during opioid 

exposureexposure

Opioid Analgesics

Rats: Rats: 
Persistent hyperalgesiaPersistent hyperalgesia
& sensitivity to & sensitivity to 
opioid receptor opioid receptor 
agonists/antagonistsagonists/antagonists
following initial exposurefollowing initial exposure

Celerier et al, J Neurosc 2001

Opioid Analgesics
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OPIOID ANALGESICS:
Common Features

4.  Tolerance, dependence and addiction. 

Addiction

Characterized by a dysfunctional pattern of use 

for purposes other than alleviation of pain 
(i.e.euphoria)

Preoccupied with obtaining opioids

Pseudoaddiction

Behaviors may be seen in patients with severe, 

unrelieved pain.  These patients may become

preoccupied with obtaining opioids; HOWEVER, their

underlying focus is on finding relief for their pain. 

Opioid Analgesics

Bottom LineBottom Line

•• Future of pain control will be greatly Future of pain control will be greatly 
influenced by this area of researchinfluenced by this area of research

•• Peripheral nerves, spinal cord & CNS all Peripheral nerves, spinal cord & CNS all 
involved in OIH involved in OIH 

•• Chronic painChronic pain could be worsened by acute could be worsened by acute 
and ongoing opioid therapyand ongoing opioid therapy

Opioid Analgesics

Questions to ponderQuestions to ponder

§§ Are mechanisms of opioid tolerance & injuryAre mechanisms of opioid tolerance & injury--
induced hyperalgesia linked?induced hyperalgesia linked?

•• Does OIH worsen chronic nonDoes OIH worsen chronic non--malignant pain?malignant pain?

•• Are there genetic differences that cause OIH?Are there genetic differences that cause OIH?

•• What is on horizon to help OIH?  Ketamine like What is on horizon to help OIH?  Ketamine like 
medication?medication?

Opioid Analgesics
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Specific Drugs: 
Strong Analgesics.

• Morphine (prototype)

• Hydromorphine

• Methadone

• Merperidine

• Fentanyl

Specific Drugs

SymptomSymptom Peripheral nociceptor 
hyperexcitability

TargetsTargets Optimal compoundsOptimal compounds Available Available 
compoundscompounds

Spontaneous pain

(shooting)
Ectopic impulse generation, 
oscillations in DRG

Sodium channels Selective sodium-channel blocker Lidocaine, carbamazepine, 
tricyclic antidepressant

Spontaneous pain

(ongoing)
Inflammation within nerves 

(cytokine release)

Cytokines Cytokine antagonist, 
cycloxygenase blocker

TNF-a antagonists, NSAIDS(?)

Heat allodynia Reduced activation threshold to: 
heat

TRPV1 receptor TRPV1-receptor antagonists Capsaicin cream

Cold allodynia Reduced activation threshold to: 
cold

TRPM8 TRPM8-receptor antagonist menthol

Static mechanical allodynia Mechanical stimuli ASIC receptor (?)

TBA

ASIC receptor antagonist ?

SymptomSymptom Central dorsal horn 
hyperexcitability

TargetsTargets Optimal compoundsOptimal compounds Available Available 
compoundscompounds

Dynamic mechanical allodynia Central sensitization on spinal 
level, 

Amplification of C-fiber input

Gating of Aβ fiber input

Gating of Aδ fiber input

Presynaptic:

m-receptors

Calcium channels α2-δ
receptors

Postsynaptic:

NM DA receptors, NK1 
receptors, 

Na+ channels

Intracellular cascades

m-receptor agonists

Calcium channels antagonists 

a2-δ ligands

NM DA receptor antagonists

NK1-receptor antagonists

Selective sodium channel blocker

MAPK mediators

OpioidsOpioids

Gabapentin

Pregablin

Ketamine,

Dextromethorphan

Carbamazepine

Punctate mechanical 
hyperalgesia

↓Intraspinal inhibitory interneurons 
(functional, degeneration)

Inhibitory control

↓ NE, 5HT

GABA-ergic

Opioidergic

α2  or 5HT receptor

GABAB agnonists

m-receptor agonists

α2 receptor agonists

5HT-reuptake blocker

Baclofen

OpioidsOpioids
Clonidine

tricyclic antidepressant,
venalafaxine, duloxetine

Pain Mechanism PharmacologyPain Mechanism Pharmacology Specific Drugs

Morphine
• Central Nervous System

- highly effective analgesic 

- sedation, drowsiness, decreased ability to concentrate, 
difficulty in formulating thoughts, apathy and 
lethargy

- euphoriagenic

- respiratory depression even at therapeutic doses 
(diminished medullary response to increases in 
blood CO2 tension)

- pupillary constriction; Edinger-Westphal nucleus of the 
oculomotor nerve.  Large doses of morphine 
produce extreme miosis (unless asphyxia 
intervenes).

- nausea and vomiting

Specific Drugs
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Morphine cont.
• Cardiovascular System

- little to no effect in therapeutic doses

• Gastrointestinal and Urinary Systems

- marked decreases in propulsive contractions of intestine 

- urinary retention

• Summary of Adverse Reactions

The triad of coma, pinpoint pupilsand marked depression of 
respiration is generally diagnostic for narcotic overdose, and 
respiratory depression is most frequently the cause of death 
from overdose.  

Morphine poisoning rapidly reversed with the narcotic 
antagonist, naloxone. 

Specific Drugs

Hydromorphine

• 10 X more potent than morphine (analgesia and 
respiratory depression)

• Acute and chronic pain

Methadone

• Highly effective orally

• Less eurphoriagenic than morphine

• Long duration of action (>24 hr)

• Chronic pain and therapy for heroin addiction

Specific Drugs

Meperidine
• Orally effective

• Toxic effects include CNS excitation (normeperidine)

• Less respiratory depression in neonate than 
morphine

• Acute pain

• Chemically-related to anti-diarrheal, diphenoxylate 

Fentanyl
• Analgesic potency is 80 X that of morphine

• Transdermal

Specific Drugs
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Selected Agents (mu agonists)Selected Agents (mu agonists)

Agent Brand Morphine 
Equivalent

Routes

Morphine MS Contin,MSIR 1:1 po,iv

Oxycodone Percocet, 
oxycontin

1:1 po,iv

Hydromorphone Dilaudid 5:1 po,pr,iv

Fentanyl Duragesic 100:1 iv, transdermal, 
transmucosal

Methadone Dolophine Variable po, iv

Meperidine Demerol 1:10 po, iv

Specific Drugs

B. Specific Drugs: 
Moderately Strong Analgesics.

• Codeine (prototype), oxydocone, 
hydrocondone

• Propoxyphene

Specific Drugs

Codeine and related drugs
• Orally effective

• 10 X less potent than morphine

• Formulated with aspirin or acetaminophen

• Cough suppressant at low doses

Propoxyphene

• Similar to methadone (orally effective, relatively long 
half life) but less potent analgesic (some studies 
question its efficacy)

• Formulated with aspirin or acetaminophen

• Abuse liability similar to codeine

Specific Drugs
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Specific Drugs: 
Mixed Receptor Agonist-Antagonists.

• Pentazocine (prototype)

• Buprenorphine

• Butorphanol

• Nalbuphine

Specific Drugs

Pentazocine
• Pharmacologic actions

– CNS, effects similar to morphine.

– Low doses, analgesic (KOR agonist)

– High doses, dysphoric (KOR agonist and MOR partial 
agonist/antagonist)

• Clinical Uses
– Preoperative analgesic/sedative in obstetrics

– Acute pain

– Pain associated with rheumatoid arthritic

– Formulated with aspirin (Talwin®) and acetaminophen + 
naloxone (Talacen®)

• Tolerance and Dependence
– Some tolerance to analgesia

– Withdrawal syndrome

– Abuse liability is much less than morphine

Specific Drugs

Buprenorphine
• Potent partial MOR agonist

• Slow dissociation from MOR receptor, long duration 
of action

• Administered sublingually

• Abuse liability is less than morphine

• Acute and chronic pain

Specific Drugs
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Butorphanol

• KOR agonist; MOR partial agonist

Nalbuphine

• KOR agonist; MOR antagonist

Specific Drugs

Specific Drugs: 
Narcotic Antagonists.

• Naloxone (used in emergency cases only)
– Small doses reverse the effects of mu opioid agonists in 1-

2 minutes.
– Narcotic induced respiratory depression, sedation and 

decrease in blood pressure are also reversed
– Crosses BBB

• Naltrexone (used as long term treatment for opioid abuse)
– Longer duration of action
– Orally active 

• Naloxone methylbromide (quaternary naloxone)
– Does not cross BBB

Specific Drugs

Analgesic Adjunctive Agents
• Enhance analgesia, reduce unwanted 

side effects and abuse liability

– Corticosteroids

– Benzodiazepines

– Selective serotonin reuptake inhibitors 

– Adrenergic agonists

– NMDA antagonists

– Aspirin

– Acetaminophen

Specific Drugs
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Pro-opiomelanocortin (POMC)

• a precursor polypeptide with 241aa residues
necessary for β-endorphin and met-enkephalin

• Synthesized by a variety of brain regions
including anterior pituitary cells, arcuate 
nucleus, dorsomedial hypothalamus and
brainstem. 

Endogenous Opioids

Brain’s Opioid System

The Brain’s Opioid System

Receptor Subtype

Precursor Protein Mu Delta Kappa

Pro-opiomelanocortin β-endorphin ++++ + -

Pro-enkephalin Enkephalin ++ +++ -

Pro-dynorphin Dynorphin - - ++++

Brain’s Opioid System

Distribution of Endogenous opioids

– Enkephalins (mu and delta)
• Wide distribution in CNS and sympathetic system

– Dynorphins (kappa)
• Localization similar to enkephalins

– Endorphins (mu)
• Pituitary, hypothalamus, descending brain inhibitory 

pathways

Brain’s Opioid System
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Descending Control of Pain:
Endogenous Opioids Modulate Bulbospinal Systems and 

Effectively Reduce Excitation in the Dorsal Horn

Images.MD

Location of opioid receptorsLocation of opioid receptors

Nociceptive 
stimuli

Spinal Cord Dorsal Horn*

Thalamus (sensation)
Somesthetic nuclei 

Somesthetic association cortex 
(perception and meaning) 

Primary somesthetic cortex 
(discrimination: location and intensity) 

Periaqueductal gray (PAG)
Endogenous analgesic center 

Medullary NRM

Limbic cortex
(emotional experience) 

Pontine 
noradrenergic neurons

A-delta (fast)

c-fiber (slow)

ASECNDING
Pathways of 

Pain perception

DESCENDING 
Pathways of 

pain modulation
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