
The Concept of 
Antagonism 

●  Competitive agonists 
●  Irreversible agonists 
●  Allosteric antagonists 
●  Inverse agonists 

> Binding site 
> Nature of binding 
> Effect on agonist-dose response curves 
> Examples 

Most drugs inhibit their targets to produce beneficial, therapeutic effects. 



Bind reversibly to 
agonist binding site 
without activation = 
prevent agonist binding 

Bind irreversibly to agonist 
binding site = reducing 
functional RT 

Bind to site distinct from agonist 
binding site to reduce affinity 
and/or efficacy. 

Bind to and stabilise 
constitutively active receptors in 
less active conformation. 



Competitive Receptor Antagonists 
-  Orthosteric binding site 
-  Reversible binding (due to weak drug binding) 

Increasing antagonist concentration produce rightward  
shift without reducing maximum agonist-induced response. 

Irreversible Receptor Antagonists 
-  Orthosteric binding site 
-  Irreversible (covalent bonds) or  

very slowly reversible bond 

Causes reduction in RT that can be bound and  
activated by agonist - decreases maximum response. 

Phenoxybenzamine forms covalent bond with agonist binding site of a-AR = prevents adrenaline binding. 
Binds to Cys group = adduct so agonist cannot reach binding site. 

 → Rarely used as lacks selectivity for a-ARs & blocks other receptors/systems. 

Tiotropium: slowly reversible as gets trapped in binding site. 
 → Allows once daily dosing and improves patient adherence. 



Allosteric Antagonism 
[Negative allosteric modulators - NAMs] 

-  Allosteric binding site 
-  Reversible (not competitive though) 

Decrease agonist affinity: 
Binding also changes conformation of agonist binding site 
= reduced affinity of agonist for its binding site (can be 
overcome with higher agonist conc). 

 Ceiling Effect: as increase [antagonist] → fully occupy 
binding   site, so increasing [antagonist] won’t increase 
activation    past a point (fewer side effects as 
less likely to excessively   blockage other 
antagonists).  

Saturable at high concentrations. 
Maraviroc 
Decreases affinity of HIV-1 for CCR5 = decrease viral entry. 

PAMs 
BZDs increase affinity at GABA receptors. 

Decrease agonist efficacy: 
Induce changes in receptor that decrease efficacy of 
agonist (activation of receptors, downstream signalling, 
maximum response). 

Cause dose-dependent limited (Ceiling Effect) antagonism 
= decrease maximum response.  



Inverse Receptor Agonists 
-  Orthosteric binding site 
-  Reversible 

Receptor activation can occur in absence of agonist. 
If enough constitutively active receptors = produce effect. 

Receptors are dynamic protein chains that exist in 2 states. 
●  Equilibrium usually favours the inactive, unbound states (as they have 

low constitutive activity). 
●  When the equilibrium favours the active, unbound states (higher 

constitutive activity) = more downstream signalling. 

If an inverse agonist selectively binds to and stabilises the inactive receptor 
conformation = fewer active receptors ⇒ reduced cellular effect.   

  *dose-dependent 
If saturated = no effect. 

Neutral agonists: bind w/equal affinity to both conformations 
so do not affect resting equilibrium BUT, inhibit binding of 
inverse agonist AND conventional agonist. 

> Reverse pathologically-induced constitutive receptor activity. 
> Anti-histamines, B-AR antagonists. 



Quantitative Receptor 
Pharmacology 

●  Define key components of competition binding experiment 

●  Demonstrate how competition binding experiments can be analysed and 
interpreted to characterise receptor subtype populations 

Identifying which receptors are present and their 
respective proportions and densities. 

(1) Saturation Binding Studies 
> Affinity (KA)of 3H-QNB for mAchRs 
> Total number of mAchRs in sample 

Using increasing concentrations of non-selective  
radioligand that binds to all mAchR subtypes with  
similar affinity. 

Importance: 
  Use drugs that target these receptors as therapeutic agents. 



(2) Competition Binding Studies 
> The mAchR subtypes present 
> Relative proportions of mAchR subtype(s) present 

Using increasing concentrations of a range of ligands that are selective for M1-M5 subtypes and determine 
their capacity to inhibit binding of single concentration of 3H-QNB. 
Determines affinity of receptor-selective ligands for the receptor(s) present in cell. 

12 tubes 
-  Different concentrations of Ligand A: 

unlabelled non-radioactive ligand 
selective for particular mAchR 

-  Tissue/cell sample 
-  Ligand B: 3H-QNB  

Competition between ligands A and B for 
the mAchRs. 

1)  Ligands compete for mAchRs 
a)  Higher [Ligand A] = less fluorescence 

2)  Filter solution to remove small unbound 
drugs, 3H-QNB and unbound ligand A 

3)  Measure radioactivity in each tube 
NSB: binding to non-mAchRs 

4)  Determine total binding of 3H-QNB 

Low [Ligand A] = low level binding to receptors, and little 
displacement of 3H-QNB. 

High [Ligand A] = saturates receptors and prevents 3H-QNB  
from binding = reduced fluorescence. 

IC50: concentration of unlabelled ligand required to inhibit 
specific binding of radioligand by 50%. 
[A measure of Ligand A’s potency] 


