Opiate Pharmacology
Opioids work via Receptors
1.  There are three pharmacologic features of opioids that argue for the existence of receptors:

--Structural specificity (stereospecificity)


--Existence of antagonists

--Extremely different potencies of different opioids


Opioids work by binding receptors and preventing second messenger signals.  Often 


inhibit adenyl cyclase, which opens potassium channels, closes calcium channels, 


and hyperpolarizes neurons.  This prevents pain signals.

2.  Antagonists strongly suggest the existence of receptors, but we don’t know how antagonists work.

--Agonists bind receptors, causing conformation changes that stop second messengers.


Usually, agonists have N-methyl groups.


--Antagonists bind receptors but don’t cause conformation changes.  Block agonists.


Usually, antagonists have N-allyl or N-cyclopropyl groups.


--Many opioids have mixed agonist and antagonist activity.  Can’t be predicted by structure.



Usually, mixed agonist/antagonists resemble the structure of pure antagonists.
3.  Mixed agonist/antagonists are less addicting and are identified by binding studies.

--Differentiation of agonists and mixed agonist/antagonists occurs at the receptor level.

--Differentiation of agonists and antagonists occurs at the link between receptor and G-protein.

Mixed agonists/antagonists are less addicting, but they usually have psychotomimetic effects.

This probably is mediated via Kappa receptors, so an agonist/antagonist specific for the 


Mu receptor would probably have great analgesia and few addicting or 



psychotomimetic side effects (see below).
4.  The main opiate receptor subtypes are Mu, Delta, and Kappa.  Most opioids act at all three, and agonists specific for any of the three subtypes can cause analgesia.

**Mu-specific agonists cause euphoria and powerful analgesia.


**Kappa-specific agonists cause less respiratory depression and are less addicting.

**Kappa-specific agonists cause psychomimetic effects, dysphoria, disorientation.


Mu knockout mice don’t respond to morphine, but show normal pain sensitivity.


(Mu receptor is the most important clinically, in terms of analgesia.



(Endogenous opioid system is inactive under basal conditions.
Enkephalins and Receptor Distribution
Enkephalins are the body’s endogenous morphine-like peptides.  Endorphins have enkaphilin 
sequences.  They mimic morphine at opiate receptors.  If injected, they will cause 
tolerance and addiction, just like synthetic opioids.
Enkephalins occur in the spinal cord and brain in close association with opiate receptors.  


These receptors occur at the level of pain fiber termination.  

So enkephalins and opiates inhibit the release of substance P at the spinal level.

Opiate-induced Analgesia
1.  Supra-spinal effects of opiates are responsible for dulling the “appreciation” of pain.  


Patients report that “the pain is still there but it doesn’t bother me.”  This is probably 
mediated by the thalamus and by other lateral nuclei involved in pain perception.
2.  Intra-spinal effects of opiates increase the pain threshold.  This is mediated by inhibition of 
afferent pain fibers and Substance P signalling at the level of the spinal cord.
--Receptors in brainstem vagal nuclei mediate autonomic effects of opiates.

--Receptors in brainstem limbic nuclei (amygdala, locus ceruleus) mediate emotional, euphoric effects.
--Receptors in brainstem pretectal/colliculus areas mediate miosis seen with opiate use.

--Receptors in the thalamus mediate the affect component of pain that is blocked by opiates.

Other effects of Opiates
1.  Meiosis (pupil constriction) occurs with opiate use, even in people with high opiate tolerance.  
So even addicts have pinpoint pupils.  Mostly mediated by opiate receptors in pretectal areas.
2.  Nausea is a common problem that limits opiate use.  Mediated by receptors in the area postrena.
3.  Constipation is also very common.  Mediated by opiate receptors in the myenteric plexus, 
which inhibit ACh release.  This decreases GI motility, increases sphincter tone, and 
decreases fluid and ion secretion.

Loperamide (Imodium) is used to treat diarrhea.  It is a very hydrophobic opioid that is 

poorly absorbed.  It just stays in the gut, and blood levels stay negligible, so 


there’s no euphoria and no potential for abuse.  A similar opioid is Paregoric.

Meperidine (Demerol) does not treat diarrhea or cause much constipation, because it 


has good absorption into the blood.  It penetrates the brain much more easily than 


morphine.  Because of this, at equal analgesic doses of Demerol and morphine, 


there is a much lower peripheral concentration of Demerol, and fewer peripheral 


side effects such as constipation.


Also, because of increased sphincter tone, opiates will worsen biliary colic, so 


when dealing with a gallbladder attack, use Meperidine over morphine.

4.  Cough suppression (anti-tussive) is caused by opiate stimulation of receptors in the vagal 
nuclei (nucleus ambiguus).  This inhibits afferent signals of bronchial irritation.


Dextromethorphan (DXM) is a D-isomer opioid that is a powerful anti-tussive.  


Does not cause euphoria, and may not act through conventional opioid receptors.
5.  Respiratory suppression is the main dangerous side effect of opioids.  Even low doses may 
suppress breathing.  


**Patients lose their sensitivity to carbon dioxide, but keep their hypoxic drive for respiration!  
**Therefore, administering oxygen to someone with opiate overdose will stop any remaining 

drive to breath.  They should be told “Breath! Breath!”  



Do not give oxygen to someone with an overdose!!

Like pinpoint pupils, respiratory suppression occurs easily even in people with high tolerance.


This is often what kills terminal cancer patients, who need more and more opiates to kill the pain.
Typical Opiates
--Morphine is the gold standard opiate for analgesia.  Often given by self-operated pump 
“patient controlled analgesia” (PCA), since oral bioavailability is terrible.  


A critical hydroxyl group allows receptor binding.
--Codeine has a methyl group attached to the critical hydroxyl group of morphine.  This makes 
Codeine itself inactive, but Codeine is demethylated into morphine by P450 enzymes.

Therefore, it causes minimal euphoria and is hard to abuse.

Its methyl group facilitates good GI absorption, so excellent oral bioavailability.

Used for moderate pain and bad coughs.  Often formulated with acetominophen.
--Heroin, like Codeine, is itself inactive.  It must be deacetylated but this doesn’t require 
enzymes, so it has the opposite pharmacokinetics as Codeine.  The acetyl group allows 
fast penetration of the brain (hence the rush), where it then dissociates non-enzymatically.  
High lasts a couple hours, followed by a rapid harsh withdrawal.
--Methadone is a long-acting (once-a-day) opiate agonist with gradual onset that minimizes euphoria.  
This allows patients to function with a normal mental state and without a craving.  


They can hold down a job and stabilize their life.  Schedule II drug (high abuse potential).
--Buprenorphine is used much like Methadone.  It is a mixed agonist/antagonist for the Mu receptor.  
It is not psychomimetic, since those effects occur with Kappa receptor agonists.  

It is longer-acting and less addicting to Methadone.
--Pentazocine (Talwin) is a mixed agonist/antagonist used as an analgesic.  It has good efficacy 
and is less addicting, but easily elicits psychomimetic effects at higher doses. 


For this reason it can’t be used for severe pain.

--Meperidine (Demerol) is a pure Mu receptor agonist.  Very good brain penetration, so used in 
small doses.  This gives good analgesia with fewer peripheral side effects than morphine.  
Very good for kidney stone and gallbladder colic pain.


However, its metabolites can easily accumulate, especially in elderly or renal impaired patients.
--Tramadol (Ultram) is a weak Mu agonist, but it also inhibits NE and serotonin reuptake.  

It has similar side effects to other opiates but much less respiratory depression.


It is also less addicting.


It is much like Codeine+acetominophen, and is great for moderate pain.
--Naloxone (Narcan) is an opiate antagonist used to treat overdoses.

--Naltrexone (Trexan) is an orally active opiate antagonist.  Works great for maintenance 
therapy against opiate and alcohol addictions but only if patients take it regularly, 


which addicts don’t.
