
Pharm-02B6 Write brief notes on tolerance and dependence in relation to opioid 
analgesics. 
 
Tolerance 
 
Tolerance is a physiological state whereby increasing doses are required to achieve 
the same physiological effect 

- corresponds to RIGHT shift of ED50 log dose-response curve 
- ∴ decreased potency but same efficacy 
- requires time (usu. 2 ~ 3 weeks) and high doses to develop opioid tolerance 
- at present, the concept of acute opioid tolerance is contentious 

 
Opioids act on opioid receptors ! GPCR ! Gi ! ↓AC ! ↓cAMP ! ↑K+ 
permeability and ↓Ca2+ conduction ! hyperpolarisation of cell membrane ! 
inhibitory effect 
 
The exact mechanism of opioid tolerance is unclear. 
Proposed mechanisms include: 

- upregulation of cAMP pathways (demonstrated in locus coeruleus) 
- upregulation of central glucocorticoid receptors ! neuroplasticity (Stoelting) 
- ↑ synaptic [glutamate] ! ↑NMDA receptor activation ! ↑pain sensitisation 
- decouple opioid receptor from intracellular second messenger system ! 

disruption of downstream signalling (this theory does not explain how 
naloxone precipitates withdraw) 

- reduce affinity of opioid receptor for opioid 
 
Not all opioid effects demonstrate significant tolerance 
 
demonstrate tolerance 
Analgesia, euphoria, sedation, nausea/vomiting and respiratory depression  
 
minimal tolerance 
Constipation and miosis 
 
There is incomplete cross tolerance between different opioids ! opioid rotation + 
weaning strategies for patients chronically using high doses of opioids (e.g. 
methadone program) 
 
Dependence 
 
Dependence is the physical and psychological reliance on a drug for normal function 
 
Dependence may be triggered by: 
(1) physical – unpleasant withdrawal symptoms associated with cessation 
(2) psychological – craving for drug effect (in the absence of withdrawal sx) 
 
Mechanism probably involves the combination of above changes associated with 
tolerance + pathological adaptations of the reward pathway 
 
Patients dependent on opioids usually develop opioid tolerance 



However, not all patients with opioid tolerance are opioid dependent 
 
Opioids withdrawal symptoms 
Physical symptoms include: 

- nausea/vomiting 
- cholinergic sx – agitation, ↑salivation, ↑lacrimation, abdominal cramps 
- diaphoresis 
- myalgia 

Psychological symptoms include: 
- craving 
- dysphoria 
- restlessness 
- insomnia 

 
Pharmacokinetics of withdrawal 
 
Opioids with shorter duration of action + greater CNS effects (e.g. heroin and 
pethidine ! euphoria) are more likely to trigger dependence 
 
Opioid Withdrawal onset (hrs) Typical duration (days) 

Fentanyl 4 4 

Morphine 6 ~ 18 7 – 10 

Heroin 6 ~ 18 7 – 10 

Methadone 24 ~ 48 42 

 
Clinical significance 
 
Patients groups at risk of opioid tolerance and dependence: 
 
(1) recreational opioid drug use 
e.g. heroin is a short-acting opioid with significant CNS effects (euphoria) 
∴ high potential for abuse 
repeated use rapidly causes tolerance and dependence 
 
(2) chronic pain 
patients with chronic pain ! chronic opioid use ! gradually develop tolerance and 
dependence ! require dose escalation to maintain adequate analgesia 
 
 
 



Examiner’s comments 
 
The key elements of a successful answer were clear definitions of each term and a 
discussion of their features and mechanisms.  
Decreased potency rather than decreased efficacy is generally seen with opioid 
tolerance. Many candidates described a lack of tolerance to respiratory depression 
when tolerance to analgesia occurs. This was in contradiction to the common finding 
of tolerance to analgesia, euphoria and respiratory depression being much more 
marked than that for constipation and pupillary constriction. While the majority 
highlighted the relevance of tolerance and dependence in heroin addicts few 
highlighted the similar importance in chronic pain patients on oral opioids. 
Overall those who stuck to the topic and provided brief notes on both tolerance and 
dependence achieved a good mark. 
 
 


