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Peter Paul Rubens 
Prometheus Bound, 
c.1610/11
Philadelphia Museum of Art

Tissue Damage
When tissue is damaged, there is an immediate release of inflammatory chemicals called excitatory 

neurotransmitters, such as histamine and bradykinin. Bradykinin stimulates the release of 
prostaglandins and substance P, a potent neurotransmitter that enhances the movement of impulses 

across nerve synapses.

Transduction

Transduction occurs as the energy of the stimulus is converted to electrical energy. 
Nociceptor action potential.
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Transmission

Pain stimuli travel quickly to the substantia gelatinosa in the dorsal horn of the spinal cord, then 
cross over to the opposite side of the spinal cord and ascend to the higher centers in the brain via 
the spinothalamic tracts and on to the thalamus and higher centers of the brain, including the 
reticular formation, limbic system, and somatosensory cortex.

Perception

When pain stimuli reach the cerebral cortex, the brain interprets the signal; processes 
information from experiences, knowledge, and cultural associations; and perceives pain. 

Thus, perception is the awareness of pain. The somatosensory cortex identifies the 
location and intensity of pain, and the associated cortex determines how an individual 

interprets its meaning.

Generally pain is divided into two types:

ACUTE PAIN CRONIC PAIN

- It is a normal, predicted physiological response to a noxious 

chemical, thermal or mechanical stimulus.

- It is of sudden onset, lasting  hrs-ds (not > 6 ms) 

- Disappears once the underlying cause is treated. 

- Beneficial in a sense that it is a warning of actual or 

potential physical harm; signaling  that damage has occurred 

& that something needs to be done.

Examples of acute pain : 
Heart attack
Acute appendicitis
Bone fracture
Muscle sprain
Prolapsed disc

- It is the pain that starts acute &  continues beyond 

normal time expected or persists or recurs for various 

other reasons. 

- It outlived its usefulness & is no longer beneficial to 

patient.

Examples of chronic pain: 
Cancer
Neuropathy
Inflammation
Distensions 
Eruptions
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Minimize pain, limit disability & maximize person’s 
function

Multidisciplinary; blends physical, emotional, intellectual 
&  social variables

Goals 
of pain managment

Reducing Pain  treat the cause

Acute pain

Focused on reducing the pain

Chronic pain

Effects of chronic pain on the patient

Physical Functioning

•Ability to perform activities of daily living
•Sleep disturbances

Societal consequences

•Healthcare cost
•Disability
•Lost workdays

Social consequences

•Relationship with family and friends
•Intimacy/sexual activity
•Social isolation

Psychological Morbidity

•Depression
•Anxiety
•Anger
•Loss of self-esteem

How do we Manage 

PAIN?
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Emperor Marcus Aurelius 
(reigned AD 121 - 180).
He recommended opium-eating for headache, 
dizziness, epilepsy, asthma, fever, leprosy and 
other ills of the flesh. 

Galen of Pergamum
(AD 131-200) He commended its use as
a cure for headaches, deafness, epilepsy,
asthma, coughs, colic, fevers, women's
problems and melancholy.

Greek physician Hippocrates
(c460 - c377 BC) discounts belief in the literally
magical attributes of opium. He readily
acknowledges the benefits of opium poppy juice
as a narcotic and styptic in treating internal diseases,
diseases of women and epidemics.

"The godfather of synaptic chemistry", 
Solomon Snyder, is an expert on the 
molecular basis of psychiatric disorders.  

Candace Pert discovering the brain's 
long-suspected but elusive opioid 
receptors in 1972. She is author of the 
controversial Molecules of Emotion (1997). 

SynthesizedExtracted Endogenous

Opioids

can be
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Opioid acts through 
opioid receptor in nervous system

A Manglik et al. Nature 000, 1-6 (2012) doi:10.1038/nature10954

Overall view of the -OR structure.

Receptor Subtypes Location Function

Delta ()

(OP1)

1,  Brain

-Pontine nuclei

-Amygdala

-Olfactory bulbs

-Deep cortex

-Analgesia

-Antidepressant effects

-Physical dependence

Kappa ()

(OP2)

 Brain

-Hypothalamus

-Periaqueductal gray

-Claustrum

Spinal cord

- Substantia 
gelatinosa

-Spinal analgesia

-Sedation

-Miosis

-Inhibition of ADH 
release

-dysphoria

Mu ()

(OP3)

 Brain

-Cortex (lamina III-IV)

-Thalamus

-striosomes

-periaqueductal gray

Spinal cord

-substantia gelatinosa

Intestinal tract

μ1: 

-Supraspinal analgesia

-physical dependence

μ2:

-Respiratory depression

-miosis

-euphoria

-reduced GI mobility

-physical dependence

μ3: ???

Nociceptin 
receptor

(OP4)

ORL1 Brain

-Cortex

-Amygdala

-hippocampus

-septal nuclei

-habenula

-hypothalamus

Spinal cord

-anxiety

-depression

-appetite

Definitions

Analgesia: absence of pain without loss of
consciousness

Antidepressant: alleviate mood disorder

Physical dependence: chronic use of a drug 

that has produced tolerance

Sedation: administration of drugs to facilitate 
a medical procedure or diagnostic procedure 

Miosis: constriction of the pupil to less to 2 
mm 

Dysphoria: unpleasant or uncomfortable 
mood, such as sadness. Opposite of 
Euphoria.

Candace Pert discovering the brain's 
long-suspected but elusive opioid receptors in 
1972. She is author of the controversial 
Molecules of Emotion (1997). 
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Expression of 
-type opioids in 
Human CNS

Opioids Induce Analgesia by Reducing the Amount of 
Information

Primary afferent

Spinal 
pain-transmission 

neuron

  

presynaptic

Ca2+

Transmitter 
release

postsynaptic
K+

IPSP

Pre-and-post synaptic expression of Opioids Receptors: LOCATION
LOCATION

LOCATION

K+
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cAMP

Gi/o
Adenylate 

cyclase

PKA Regulation of gene expression

ATP

cAMP

K+

Ca++

Dr. Saverio Gentile, Ph.D.

Electrical excitability

O-Rec

Opiates acutely, inhibit LC neurons by
activating K+ channels and inhibiting a
novel sodium-dependent inward current.
Both of these actions are mediated via
pertussis toxin-sensitive G-proteins, and
regulation of the sodium current occurs
through inhibition of the cyclic AMP
pathway. In contrast to the acute effects of
opiates, chronic treatment of rats with
opiates increases levels of specific G-
protein subunits, adenylate cyclase, cyclic
AMP-dependent protein kinase, and a
number of phosphoproteins (including
tyrosine hydroxylase) in this brain region.

Nesler et al., 1994

Molecular mechanisms of opiate action 

CREB

Na+

Molecular mechanisms of opiate action 

Euphoria: Intravenous morphine users experience a pleasant floating sensation with 
lessened anxiety and distress. However, dysphoria, an unpleasant state characterized by 
restlessness and malaise, may occur.

Sedation: In standard analgesic doses, morphine (all opioids) disrupts normal REM 
and non-REM sleep patterns.

Cough suppression: Well recognized opioid action. Codeine is used to treat 
patients soffering from pathological cough and in patients in whom iit is necessary to 
maintain ventilation via endotracheal tube.

Miosis: Pharmacologic action to which no tolerance develops. Good to diagnose 
opioid overdose.

Temperature: Body temperature is partially regulated by the action of endogenous 
opioids in the brain. Morphin administered to the antherior hypothalamus produced 
hyperthermia. Stimulation of k-receptor = hypothermia.

Respiratory depression: Opioid analgesic can produce significant respiratory 
depression by inhibiting brainstem respiratory mechanism. This is one of the most 
difficult clinical challenges in the treatmet of severe pain. Research to overcome this 
problem is focused on delta type receptor pharmacology. 

Central Nervous system effects

Analgesia: Pain consist of both sensory and affective (emotional) components. Opioids analgesic are unique in that they 
reduce both aspects of the pain experience.

. .
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Drugs for pain management

Narcan®NaloxoneAntagonist

Buprenex®Buprenorphine

Talwin® + aspirin

Talacen® + acetinophen

PentazocineReceptor agonist-
antagonist

Roxicodone®; 

Percodan® + Aspirine

Percocet® + acetominophen

Oxycodone

(various)CodeineModerately Strong

Demerol®Meperidine

Dolophine®Methadone

(various)MorphineStrong

Trade nameGeneric nameCategory

Example of 
STRONG OPIOIDS

Morphine
(strong)

Prototypical opioid

Indication

Morphine can be used as an analgesic to relieve:

- pain in myocardial infarction 
- pain in sickle cell crisis 
- pain associated with surgical conditions, pre-

and postoperatively 
- pain associated with trauma 
- severe chronic pain, e.g., cancer  
- pain from kidney stones (renal colic, 

ureterolithiasis) 
-severe back pain 

References: Gupta K, Kshirsagar S, Chang L, et al. (2002).
Roshanpour M, et al. (2009).
Koch T, Höllt V (2008). 
Wang CQ, Li Y, Douglas SD, et al. (2005). 

Side Effects separate slide

- Constipation (-rec myenteric plexus)
- Addiction (psychological and physiological)
-Tolerance 

. Rec. phosphorylation=conformational changes

. de-coupling from G-prot.=desensitization

. Receptor internalization=reduced number 

. cAMP upregulation= counteregulatory

Withdrawal

Cessation of dosing with morphine creates the prototypical opioid
withdrawal syndrome, which unlike that of barbiturates,
benzodiazepines, alcohol, or , is not fatal by itself in neurologically
healthy patients without heart or lung problems; it is in theory self-
limiting in length and overall impact in that a rapid increase in
metabolism and other bodily processes takes place, including
shedding and replacement of the cells of many organs.
Nonetheless, suicide, heart attacks, strokes, seizures proceeding
to status epilepticus, and effects of extreme dehydration do lead to
fatal outcomes in a small fraction of cases.

Note: Morphine and Hepatitis C

Researchers at the University of Pennsylvania have demonstrated
that morphine withdrawal complicates hepatitis C by suppressing
IFN-alpha-mediated immunity and enhancing virus replication.

Overdose
A morphine overdose occurs by intentionally or
accidentally taking too much of it. A large overdose
can cause asphyxia and death by respiratory
depression if the person does not get medical
attention or an antidote (Naloxone) immediately.
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Molecular mechanisms of opiate action 

Meperidine
(strong)

-Binds Rec, K+-channels, 
-Muscarinic rec., dopamine transp.

Indication

Meperidine can be used as an analgesic to relieve 
moderate/severe pain (antispasmotic effects) 

-Biliary spasm
-Renal colic

References:
Boyer EW, Shannon M (2005). 
Gillman PK (June 2006). 
Isbister GK, Buckley NA, Whyte IM (September 2007).
Latta et al., (January/February 2002).

Side Effects
(primarily through to its metabolite norpethidine

-Serotonin syndrome (*)
-Seizure
-Dysphoria
-Tremor
-Respiratory depression

Probably due to its anticholinergic activity. Cannot 
be countered with opioid receptor antagonist 
(Naloxone)

Note: What storage conditions are needed for this
medicine?

Protect this medication from theft. Medication that is
outdated or no longer needed should be flushed down the
toilet, not thrown away.

(*) excess serotonergic activity at central nervous 
system (CNS) and peripheral serotonin receptors. For 
this reason, some experts strongly prefer the terms 
serotonin toxicity or serotonin toxidrome because these 
more accurately reflect the fact that it is a form of 
poisoning.

Examples of 
MODERATELY 

STRONG OPIOIDS
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hydrocodone
(Moderately strong)

-Similar to Morphine. 
-Prescribed to treat moderate to severe pain
-receptor
-receptor

hydrocodone
(Moderately strong)

-Similar to Morphine. 
-Prescribed to treat moderate to severe pain

Moderate to severe pain as well as dry hacking coughing associated with bronchitis

Anti-tussive

hydrocodone
(Moderately strong)

-Sider effects/overdose
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hydrocodone
(Moderately strong)

-Similar to Morphine. 
-Prescribed to treat moderate to severe pain

References:
Narcotic drugs: estimated 
world requirements for 
2009; statistics for 2007. 
Mundipharma International 
Ltd (2006-11-03). 
Ross FB, Smith MT 
(November 1997). 
Smith MT (October 2008). 
Kalso E (December 2007).

Recreationally, the drug is taken because causes mental numbness and euphoria.

Euphoria

Euphoria: The mechanism of action at the mu (m) opiate receptors

Codeine
(Moderately strong)

Indication

Codeine can be used as an analgesic to relieve 
mild/moderate pain 

-Cough
-Diarrhea
-Irritable bowel syndrome
-Narcolepsy

References:
Schroeder K, Fahey T (2001). 
Fry JM et al., (1986). 
Australian Medicines Handbook (2004). 
Codeine Information from Drugs.com

Side Effects

-Euphoria
-Itching
-Urinary retention
-Depression
-Constipation
-increased complications in erectile dysfunction

Note: Codeine can be used as a recreational drug.

In some countries, cough syrups and tablets containing
codeine are available without prescription; some potential
recreational users are reported to buy codeine from
multiple pharmacies so as not to arouse suspicion. A
addict may use codeine to ward off the effects of a
withdrawal.

Withdrawal

As with other opiate-based pain killers, chronic use of 
codeine can cause physical dependence. When physical 
dependence has developed, withdrawal symptoms may 
occur if a person suddenly stops the medication. 

Bases for preparation of Laudanum 
(see Thomas de Quincey's 
"Confessions of an English Opium-Eater", 1821) 
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Example of
Agonists/antagonists

Pentazocine
agonist-antagonist narcotic

Indication

Pentazocine can be used as an analgesic to relieve 
mild/moderate pain 

-Dental extraction References:
Pain-Killing Drug Approved By F.D.A., New York 
Times, June 27, 1967, pg. 41. 
"TALWIN (pentazocine lactate) injection, solution". 
National Institute of Health. 
http://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?id=8
926. Retrieved 2009-02-01. Side Effects

Pentazocine weakly antagonizes the analgesic 
effects of morphine and meperidine;

-Hallucinations
-Psychotomimetic effects
-Cardiovascular effects

Note: Necrosis and sepsis

Severe injection site necrosis and sepsis has occurred (sometime
requiring amputation of limb) with multiple injection of pentazocine
lactate

Withdrawal

Will cause withdrawal in opioid dependent person

1. Mu-type opioid receptor
Actions: antagonist

2. Delta-type opioid receptor
Actions: agonist

3. Kappa-type opioid receptor
Actions: agonist

- Exist in two enantiomers: (+) and (–)
- (+) pentazocine is a delta agonist
- (-) pentazocine is Kappa agonist and Mu antagonist

Example of 
Antagonists
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Naloxone
naltraxone

antagonist

Naloxone is an opiate antagonist and prevents or reverses the effects of 
opioids including respiratory depression, sedation and hypotension. 

Also, it can reverse the psychotomimetic and dysphoric effects of 
agonist-antagonists such as pentazocine. 

Naloxone is an essentially pure narcotic antagonist, i.e., it does not 
possess the "agonistic" or morphine-like properties characteristic of 
other narcotic antagonists; 
naloxone does not produce respiratory depression, psychotomimetic 
effects or pupillary constriction. 

In the absence of narcotics or agonistic effects of other narcotic 
antagonists, it exhibits essentially no pharmacologic activity.

References:
^ "Journal of Emergency Nursing". 
Simpson K, et al. (2008 Dec). 
^ Sauro, Marie D; Greenberg, Roger P. (Feb 2005), 

http://www.jyi.org/news/nb.php?id=429

Side Effects

-Change in mood
-Trembling
-Change in heart rhythm
-Block the action of pain-lowering endorphins

Note: out-of-body experience killer

Naloxone can be used to successfully treat
depersonalization disorder.

Depersonalization disorder (DPD) is a dissociative
disorder in which the sufferer is affected by persistent or
recurrent feelings of depersonalization. Diagnostic criteria
include persistent or recurrent experiences of feeling
detached from one's mental processes or body.

- High affinity for -opioid in the CNS 
- Antagonist action for - and  Rec.

1. Mu-type opioid receptor
Actions: antagonist

2. Delta-type opioid receptor
Actions: antagonist

3. Kappa-type opioid receptor
Actions: antagonist

Opioids: side effects

Heart, blood and circulation – slows down your
circulation and heart rate. also increases the size of
certain blood vessels (making you feel warm).
Lungs – suppresses your cough reflex and slows
down your breathing, causing hyperventilation. This
can put you at risk of lung disease. An overdose of
can cause respiratory failure and death.

Nervous system – At higher doses, sedation takes 
over and you become drowsy. An excessive dose can 
produce stupor and coma, and possible death. 

Stomach – It depresses bowel activity, which can 
result in constipation.   can make you feel sick, and 
first-time users often vomit.

Sexual organs – can cause irregular periods in 
women. In both men and women, it can make you 
lose interest in sex, and it affects your sexual 
performance.

Overdose
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Methadone
(strong)

-Binds Rec and NMDA (Glutamate Rec.)
-Low cost

It is an opioid analgesic that is primarily a mu-opioid agonist. 
It has actions and uses similar to those of morphine. 
It also has a depressant action on the cough center and may be given to control intractable cough associated with terminal lung 
cancer. 

1. Mu-type opioid receptor
Actions: agonist

2. Delta-type opioid receptor
Actions: agonist

4. Neuronal acetylcholine receptor subunit alpha-10
Actions: antagonist

Ionotropic receptor with a probable role in the modulation of auditory stimuli. 
The channel is permeable to calcium which may activate a potassium current 
which hyperpolarizes the cell membrane. In the ear, this may lead to a 
reduction in basilar membrane motion, altering the activity of auditory nerve 
fibers and reducing the range of dynamic hearing. This may protect against 
acoustic trauma

3. Glutamate [NMDA] receptor subunit 3A
Actions: antagonist

Some data also indicate that methadone acts as an antagonist at the N-
methyl-D-aspartate (NMDA) receptor. The contribution of NMDA receptor 
antagonism to methadone's efficacy is unknown. Other NMDA receptor 
antagonists have been shown to produce neurotoxic effects in animals. 

Buprenorphine 

References:
http://www2.cochrane.org/reviews/
^ "Dolophine Drug Description". http://www.rxlist.com/cgi/generic/methdone.htm. 
^ "Methadone". 
http://web.archive.org/web/20080227025738/http://www.nlm.nih.gov/medlineplus/dr
uginfo/medmaster/a682134.html. 
^ "Methadone". http://www.drugs.com/methadone.html. 
^ "Methadone". http://www.medicinenet.com/methadone-
dispersible_tablet/article.htm. 

http://archives.drugabuse.gov/NIDA_notes/NNvol14N5/HighDose.html

Methadone

Firm occupancy of opioid receptors by methadone  desire for other opioid intake,
because it is producing an  effect that stop withdrawal manifestations. With time addicts
improve   craving

Methadone is also used as part of the treatment of dependence on opioid drugs, although prolonged use of 
methadone itself may result in dependence. 

The methadone abstinence syndrome, although qualitatively similar to that of morphine, differs in that the onset is slower, the course is more 
prolonged, and the symptoms are less severe.

Opioids as weapons of mass distruction

October 2002.

A group of 42 terrorists holding 800 hostages in a theater were
neutralized by using a synthetic morphine derivative, carfentanyl
(80X more powerful than morphine).
Terrorists fell asleep so fast that they had no time to fire their
weapons or detonate their bombs.

Using the narcotic carfentanyl to knock out the 800 hostages and
their 42 terrorists captors caused 129 fatalities (16%).
In comparison, a grenade attack typically results in 10%
fatalities, according to a report published in the World Journal
of Surgery in 1992.

The rescue operation after the release of the aerosol was probably
to blame for most of the 129 hostage deaths.
Doctors who treated the hostages have said they worked in the dark
without knowing what substance had been released in the theater to
end the 56-hour siege in the early morning of Oct. 26, 2002.

"Had they prepared themselves better for the medical aftermath,
more lives could have been saved," (Thomas Zilker, a toxicology
professor at Munich's Technical University)

http://emedicine.medscape.com/article/834190-overview
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