
Pharm-13A08 Discuss the metabolism of morphine, codeine and pethidine. 
 
Background 
 
Morphine, codeine and pethidine are all opioids commonly used for their analgesic 
properties 
 
Morphine is an opiate (natural opioid found in opium poppy plant, Papaver 
somniferum) 

- phenanthrene derivative 
- full agonist at opioid receptors 

 
Codeine is an opiate 

- minimal intrinsic activity (prodrug) 
- activation to morphine !  
- 1/10 potency of morphine 

 
Pethidine is a synthetic opioid 

- phenylpiperidine derivative 
- full agonist at opioid receptors 
- 1/10 potency of morphine 

 
Morphine Metabolism 
 
Morphine is mainly metabolised in the liver 
Extra-hepatic metabolism also occurs, mainly in the kidneys 

- ~70% glucuronidation to morphine 3 glucuronide (M3G) ! inactive 
- ~10% glucuronidation to morphine 6 glucuronide (M6G) ! > 15× analgesic 

potency of morphine 
- 5% demethylated to normorphine 
- (small amounts) methylation to codeine 

 
M3G and M6G are renally excreted and may accumulate in patients with renal 
impairment 
Only small amount of morphine is excreted unchanged in urine 
 
Glucuronidation may be impaired by MAO inhibitors ! prolong action of morphine 
 
t1/2β = 2 ~ 4 hrs 
 
Codeine Metabolism 
 
Codeine is activated (and metabolised) by the liver in order to exert analgesic actions 

- (predominant) glucuronidation to codeine 6 glucuronidate (some activity) 
- 10 ~ 20% N-demethylation to norcodeine 
- ~10% O-demethylation to morphine (active) 
- other minor metabolites include normorphine and hydrocodone 

 
O-demethylation to morphine via CYP2D6 ! non-inducible and exhibits genetic 
polymorphism 



∴ poor metabolisers experience little analgesia 
~10% UK population and ~30% Hong Kong Chinese population are poor 
metabolisers 
 
Fast metabolisers ! risk of toxicity 
 
Terminal elimination half life of codeine = 3 hr 
 
Pethidine Metabolism 
 
Pethidine is mainly metabolised in the liver 
Oxidative pathways involve CYP2B6; CYP3A4 and CYP2C19 

- up to 90% demethylation to norpethidine (active) 
- norpethidine ! ester hydrolysis by hepatic carboxyesterase ! norpethidinic 

acid (inactive) 
- (minor) direct ester hydrolysis ! pethidinic acid (inactive) 
- pethidinic acid may undergo oxidative metabolism ! norpethidinic acid 

 
Norpethidine has 50% analgesic activity 
Neuro-excitatory properties ! may precipitate seizures and hallucinations 
Norpethidine is renally excreted with slower elimination than pethidine (t1/2β ~ 15 
hrs)  
∴ may accumulate in renal failure 
 
Pethidine metabolism may be influenced by liver enzyme inducers and inhibitors 


