
Pharm-12A05 Using opioids as examples describe and illustrate with graphs 
what you understand by the terms "potency", "efficacy", "partial agonist", 
"competitive antagonist", and "therapeutic index". 
 
Plot of % maximal response vs concentration (log scale). Sigmoidal dose-
log(response) curves. 

 
 
Full agonist = agent that achieves maximal response from the receptor 
e.g. morphine is a full agonst at the mu opioid receptor (MOR). 
In figure above, curve (A) shows full agonist  
 
 
Potency = drug A is more potent than drug B if a lower dose is required to achieve 
the same effect at target receptor. 
This could be quantified by comparing ED50 = the dose required to achieve 50% 
effect from receptor activation. 
Drugs with lower ED50 are more potent 
On above graph, curve (B) depicts a full agonist with lower potency than curve (A) 
E.g. morphine is less potent than fentanyl 
 
Efficacy = the maximal effect produced when drug binds to receptor 
Full agonists (by definition) have 100% response and thus maximal efficacy 
E.g. morphine and fentanyl have equal efficacy at MOR 
 
Partial agonist = drug which has lower efficacy than a full agonist (i.e., less than 
100% response when bound to receptor) 
E.g. buprenorphine is a partial agonist at MOR 
It is denoted by curve (C) in the above figure 
 
Competitive antagonist = a drug which reversibly binds to target receptor but exerts 
no effect, therefore competes with the agonist 
E.g. naloxone is a competitive antagonist at MOR 
The effect of a competitive antagonist is a RIGHT shift of the dose-response curve 
In the above figure, naloxone would shift the morphine dose response curve from (A) 
to (B) 
Note: when concentration of the agonist is increased, the effect again approachs to its 
original efficacy (∴ overcome competitive antagonism) 
 



Therapeutic index = LD50/ ED50 in animals or TD50/ED50 in humans 
LD50 is lethal dose 50% = dose of drug that kills 50% of experimental animals 
TD50 is toxic dose 50% = dose of drug that causes toxicity in 50% of human subjects 
ED50 is effective dose 50% = dose of drug that results in therapeutic effect in 50% of 
human subjects 
 
Based on quantal dose-response curve† as shown below 
y-axis = % population with observed effect; x-axis = dose 

 
 
TI is a measure of the safety margin of a drug ! large TI = safer drug 
 
In animal studies, remifentanil has larger TI compared with fentanyl and morphine 
 
Examiner’s comments 
 
46% of candidates passed this question. 
Potency is the relative dose required for a given effect. It largely determines the dose 
administered. It is best illustrated with log dose – response curves. Examples of 
opioids drawn according to the relative potency were expected. Extra marks were 
given for clear descriptions about ED50, and distinguishing between potency and 
affinity. 
Efficacy is the maximal effect able to be achieved by the drug regardless of dose. It is 
used to compare the drug’s ability to elicit a full or partial biological response. Bonus 
marks for discussing why this occurs. A partial agonist is a drug whose maximum 
effect is less than a full agonist, e.g. buprenorphine vs. morphine. 
Competitive antagonists are drugs which compete at the same receptor to reverse the 
effect of an agonist, e.g. naloxone and morphine. This can be overcome by increasing 
the agonist concentration. Bonus marks were awarded to those who distinguished it 
from non-competitive antagonism. 
Therapeutic index is based on quantal dose response curves. It is the lethal dose in 
50% of population divided by the effective dose in 50% of the population. This type 
of data is available only in animal studies. Human studies are limited and toxic dose is 
used instead of lethal dose, e.g. respiratory depression vs analgesia for opioids. It is 
not the therapeutic range. Extra marks were awarded for discussing the limitations 
of therapeutic index. 
Common omissions were failure to discuss all five concepts or failure to use 
appropriately labelled graphs or opioids as examples. 



†graded dose-response curve is when dose is increased steadily and response (e.g. % 
of the maximal response) is measured 
 
quantal dose-response curve is when dose is increased for a population and the 
quantal response (e.g. % of population dead) is recorded 


