
Pharm-12B04 Outline the acute adverse effects of opioid receptor agonists. 
Describe the mechanisms of the acute adverse effects of opioid receptor agonists. 
 
Background 
 
Opioid receptor agonists (opioids) are commonly used as analgesics, sedatives as well 
as adjuncts in the induction and maintenance of general anaesthesia 
 
Adverse effect is defined as any unwanted effects associated with drug administration 
 
Opioids may exert a variety of adverse effects on various organ systems via: 

(1) acting on opioid receptors (MOP, KOP, DOP) per se 
(2) acting on other receptors (e.g. tramadol inhibit reabsorption of serotonin) 

 
N.B. some drugs can act on opioid receptors but not as their main mechanism of action (e.g. ketamine) 
and are not further discussed 
 
Factors governing adverse effects 
 
The type and severity of adverse effects is governed by the following factors: 
 
PK factors 

(1) administration (e.g. intrathecal vs iv ! diff bioavailability ! diff effects) 
(2) distribution (e.g. head injury ! more permeable BBB ! ↑sensitivity) 
(3) metabolism (↓metabolism ! ↑plasma conc ! ↑adverse effects) 
(4) elimination (↓renal function may ↑accumulation ! ↑adverse effects) 

 
PD factors 

(5) type of opioid (some adverse effects unique to certain opioids; diff opioids 
have different therapeutic indices and TD50s) 

(6) dose (↑dose ! ↑effect site conc ! ↑adverse effect) 
(7) threshold (concurrent medications may alter threshold; old age and 

comorbidities ! may lower threshold for adverse effects) 
(8) tolerance (! may ↑threshold for adverse effects) 
(9) pregnancy (in addition to maternal adverse effect, may also exert 

fetal/neonatal adverse effects) 
 
Exist inter-individual variability with the occurrence of opioid-induced side effects



Adverse effects of opioids 
 
Adverse effects Mechanism 
CNS 

Sedation directly: opioid receptor activation ! presynaptic neuron hyperpolarisation 

! ↓release of excitatory neurotransmitters (ACh, 5HT, Glu, DA, NA) 

indirectly: depress respiratory centres ! ↓MV ! ↑PaCO2 ! sedation 

Confusion + delirium ↓presynaptic release of ACh ! interfere with cholinergic transmission 

Euphoria action at MOP and KOP in reward pathways ! potential abuse 

Dysphoria action at KOP 

Seizure norpethidine and normeperidine accumulation ! inhibit serotonin reuptake + 

stimulate excitatory pathways ! can precipitate seizures 

(exact mechanism uncertain) 

Miosis excitatory action at Edinger-Westphal nucleus ! efferent via oculomotor n. 

Nausea/vomiting direct activation of DA and 5HT3 receptors in chemoreceptor trigger zone 

tramadol can ↓reuptake of 5HT ! indirect action at CTZ  

CVS 

↓HR inhibit SNS tone 

may ↑HR pethidine has anticholinergic effects 

↓SVR histamine release (e.g. rapid morphine injection) ! vasodilatation 

↓MAP inhibit SNS tone; inhibit baroreceptor reflex ! postural hypotension 

Prolong QTc methadone can interfere with voltage gated K channels ! prolong QTc 

RESP 

↓RR ! ↓MV 

 

MOP activation ! direct depression of medullary respiratory centre 

Respiratory pattern disrupted ! prolonged pauses between breaths 

RR depression more than effect on TV 

↓RR with inadequate compensatory ↑TV ! ↓MV 

Blunt chemoreceptor 

response to ↑PaCO2 

direct depression of medullary respiratory centre ! right shift of PaCO2 

response curve ! increase resting PaCO2 

Blunt airway reflex 

Cough suppression 

depresses medullary cough centre (esp. with bulky C3 group, i.e. codeine) 

∴ ↑risk of aspiration 

Bronchospasm opioid induced histamine release 

GIT 

↓GI motility activation of GIT and central MOP + anticholinergic effect ! constipation and 

delayed gastric emptying 

Biliary duct spasm ! biliary colic/epigastric pain 

can be relieved by iv naloxone or glucagon 

↑Sphincter tone direct MOP activation ! ↑pyloric, Oddi, anal sphincter tone 

GUT 



Urinary retention detrusor muscle relaxation + ↑urethral sphincter tone ! unable to generate 

sufficient intravesical pressure ! voiding difficulty 

Ureter spasm ! renal colic 

SIADH may ↑release of ADH (conflicting evidence ! ? ∵opioid or pain) 

MSK 

Truncal rigidity MOP activation ! interferes with GABA and DA transmission in 

brainstem/basal ganglia (esp. with remifentanil) 

OTHER 

Pruritis either local via histamine release or central via brainstem MOP activation 

Rash via histamine release (esp. at site of morphine injection) 

Placental transfer most opioids are relatively lipophilic ! readily transported across placenta 

Allergy type I hypersensitivity reaction ! mast cell degranulation 

Interaction with other 

drugs 

many potential drug-drug interactions: 

(1) via hepatic enzymes ! e.g. alfentanil prolongs midazolam effect as 

both are metabolised via CYP3A4 

(2) via synergism ! e.g. opioids synergise with propofol to cause general 

anaesthesia (dangerous if sedation is desired end-point) 

(3) precipitate serotonin syndrome ! e.g. tramadol can interact with 

other drugs that also inhibit serotonin reuptake 

 
 
Examiner’s comments - 55% of candidates passed this question. 
 
Common errors included omitting common side effects such as nausea and vomiting. 
Some gave incorrect statements e.g. nausea is caused by direct action on the vomiting 
centre. More detail than just the statement “opioids cause respiratory depression” was 
required. i.e. 
" that they act to depress the central medulla respiratory centre, 
" they shift the PaCO2 / ventilation curve to the right, 
" they reduce respiratory rate more than tidal volume. 
Some candidates interpreted the question to mean which opioid receptor were 
responsible for which actions; more general mechanisms were required. These 
candidates wasted time in describing the various receptors and locations, in great 
detail, with 2nd and 3rd messengers etc. 
Miosis was often mentioned without explanantion. Miosis is the pupillary constriction 
caused by opioids acting on the oculomotor nucleus. 
Chronic effects e.g. tolerance, dependence, constipation, addiction, hyperalgesia 
did not garner marks. 
Points required: 
" Concise description of side effects, in a systematic manner, with mechanisms, 

more detail required for important side effects e.g. cardiovascular, respiratory 
systems. There should be mention of nausea and vomiting, pruritis, biliary 
spasm, urinary retention, truncal rigidity. 



" Bonus marks were given for cough reflex suppression, miosis, and the fact that 
adverse effects were more likely at the extremes of age and with increasing 
dose. 

 


