
Pharm-12B03 Define the terms “tolerance” and “tachyphylaxis”. Discuss the 
different mechanisms by which tolerance can develop, giving examples where 
appropriate. 45% 
 
Definitions 
Tachyphylaxis = rapid decrease in response to repeated doses of a drug over a short 
time period 
e.g. repeated ephedrine doses deplete synaptic noradrenaline ∴ ↓ response  
e.g. prolonged exposure to GTN 
 
Tolerance = reduction in response to drug after repeated administrations 
e.g. chronic opioid use – need more opioid to achieve same effect 
 
Graphically, tolerance corresponds to a RIGHT shift of the dose-response curve 
 
Mechanisms of tolerance 
Pharmacokinetic tolerance = decreased drug reaching effect site via: 

(1) increased metabolism (e.g. liver enzyme induction by barbiturates) 
- e.g. liver enzyme induction by barbiturates and ethanol increases the rate of 
its metabolism ∴ tolerance 

(2) increased elimination  
(3) reduced uptake 

 
Pharmacodynamic tolerance = response to drug reduced by cellular mechanisms 

(1) reduced receptor number 
- e.g. down regulation of opioid receptors (repeated exposure) and 

adrenergic receptors (e.g. treatment of asthma) 
- repeated exposure ! upregulation of β-arrestin ! sequestration of GPCR 

! ↓receptor numbers 
(2) reduced receptor affinity 
(3) reduced intracellular signal transduction 

- e.g. upregulation of cAMP system with repeated exposure opioid 
(4) altered ion channel conductivity 
(5) neuroplasticity ! altered signalling pathway 

- e.g. neuroplasticity of serotonin pathways in ethanol and barbiturate 
tolerance 

- e.g. CNS and spinal cord neuroplasticity in opioid tolerance 
(6) upregulation of antagonistic mechanisms 

 
Examiner’s comments 
45% of candidates passed this question. 
The main points expected for a pass included definitions for the terms tolerance and 
tachyphylaxis, as well as a discussion of potential mechanisms by which tolerance 
could develop. These mechanisms could be both pharmacokinetic: whereby a drug’s 
effect lessens due to a lower plasma concentration, and pharmacodynamic: whereby 
a drug’s effect lessens despite no decrease in plasma concentration. 
Most answers included good definitions for tolerance and tachyphylaxis and were 
rewarded for these. However, pharmacokinetic mechanisms responsible for tolerance 
were mostly omitted and rarely 'discussed' as the question required. 
Pharmacodynamic mechanisms potentially responsible for tolerance were included in 



most answers, but were often lacking detail, imprecise or incorrect, and could not be 
described as a 'discussion'. 
The primary exam is a basic sciences exam and not a clinical exam. Hence, it is 
expected that answers to the questions address the basic sciences. Answers that did so 
scored very highly. 
 


