
PHA3011: Principles of Drug Action - Exam Notes 

On completion of this unit students will be able to: 

1. Discuss mechanisms by which drugs can act to produce changes in living systems; 

2. Utilise the basic principles of pharmacokinetics to explain individual differences in 
responses to drugs; 

3. Apply knowledge of endogenous mediator systems to predict the potential 
therapeutic and adverse effects of drugs; 

4. Access relevant scientific literature to design a set of experiments to address a 
specific hypothesis relating to a drug's mechanism of action; 

5. Demonstrate the ability to execute pharmacological experiments to obtain, present 
and interpret data relating to mechanisms of drug action; 

6. Demonstrate the ability to source, critically evaluate and use scientific literature to 
address a defined pharmacological problem; and 

7. Demonstrate the ability to work individually and collaboratively. 

 

Theme 1: Drug-Receptor Interactions (DRI) 

This theme will provide an introduction to the various targets of drug action (enzymes, ion 
channels, transporter proteins, and receptors) as the lead-in to a more detailed discussion 
of drug-receptor interactions.  The terms used to describe these interactions will be 
considered along with factors that can influence them.  Particular emphasis will be given to 
exploring how drug action and selectivity can be defined and compared using data and 
parameters derived experimentally.  Concepts discussed in this theme underlie the 
interaction of drugs with transmitter/mediator systems considered in the PNT and MTS 
themes, and will be built on in the SM theme when more detail about the link between 
interaction and response will be explored for all targets.    

Keywords & concepts: affinity; efficacy; selectivity; potency; agonist; antagonist; partial 
agonist; inverse agonist; spare receptors; allosteric modulation, constitutive activity; EC50; 
pA2 

 

DRI1 – Agonists, Drug targets 

 Explain what pharmacology encompasses and how it relates to other disciplines 
 Discuss the types of drug target and the factors that influence the binding of drugs to 

these targets 
 Describe how drug receptor affinity is measured 



 Explain how receptor theory models have evolved 
 Discuss the factors that influence the dose-response relationship 
 Explain the concepts of efficacy, partial agonists, and spare receptors 

 

 

 Medicine - formulated product (drug + other stuff) 
 Drug - active ingredient component  needs to interact/bind to its target (enzyme, 

receptor, ion channel, carrier/transporters) in order to produce a biological effect 
within body. 

- A drug can mimic an endogenous factor (agonist) or block endogenous factor 
(antagonist) from binding to receptor/target. 

 4 major drug targets: 
- enzyme (COX, acetylcholinesterase),  
- receptor (nicotinic, muscarinic receptors, beta-adrenoceptors),  
- ion channels (Na+ channels, Ca2+),  
- Carrier/transporters (NA/serotonin transporters). 

 Receptors are mostly targeted by current thrapeutics 
 Ligand – can be drug or endogenous factor (ACh, NA etc) 

 

Law of Mass Action 

 the principle that the rate of a chemical reaction is proportional to the concentrations 

of the reacting substances (drug and receptor). 

 

Factors that influence binding of drugs to target: 

 Size of drug 

 Shape of drug 

 Affinity – ability of a drug to bind to its target, how strong the interaction is between 

the drug and target binding site, how attracted is the drug to the target, determined 

by strength of forces between drug and target. 

- Low affinity – weaker binding b/n drug and target 

- High affinity – stronger binding b/n drug and target 

 Forces of attraction 

- Electrostatic (weak attactions b/n drug and target): H-binds, ionic bonds, 

van der waals. 

- Covalent – usually irreversible antagonists of the target 

 

Drug-Receptors - Affinity 



 Kd = dissociation rate contant/association rate contant = equilibrium dissociation 

constant  how much drug ([drug]) is needed to occupy/saturate 50% of the 

receptors. 

 Inverse Kd = measure of affinity (association b/n drug and receptor) Kd is used to give 

an indiation of affinity - with the Kd inversely related to affinity (ie the higher the Kd the 

lower the affinity). 

 Smaller Kd – drug has high affinity for receptors (require lower [drug] to occupy 50% 

of receptors). 1/small Kd = big affinity 

 Higher Kd – drug has lower affinity for receptors (require higher [drug] to occupy 

50% of receptors). 1/high Kd = small affinity 

 KI 

 IC50 

 All these are usually in form of (Kd = X x 10-xM). Need to convert it to whole number: 

pKd (or pKi) = -log[Kd] = ? 

 High pKd  high affinity 

 Low pKd  low affinity 

 

How is affinity measured?  

 Radioligand binding assays/studies - to study the affinity of drugs by radiolabelling 

on of the ligands/drugs and measuring how much radiolabelled ligand/drug has 

bound to receptor. There are two types: 

1. Saturation binding experiments (scatchard experiments) – to determine receptor 

density (Bmax) and ligand affinity for the receptor (Kd). The ligand is radiolabelled 

and added to receptor preparation at increasing concentrations. Then from 

scatchard plot can determine Kd and Bmax. 

2. Competition binding experiments – measuring the competition between the 

radiolabelled (known) ligand and unlabelled ligand for the receptor. The 

radiolabelled ligand conc is kept constant and the ulabelled test ligand will be added 

at increasing concentrations  as you increase unlabelled ligand concentration, the 

total radiolabelled binding to receptors decreases. 

- Can test the ability of unlabelled compounds/ligands to inhibit the binding of 

radiolabelled ligand at different receptor subtypes. 

- IC50 - [unlabelled test drug] required to inhibit the binding of the 

radiolabelled ligand by 50%  measure of affinity by determining Ki 

(inhibitory constant) 

 The lower the IC50 – the higher the affinity/selectivity of unlabelled 

compound for receptor. Require less unlabelled ligand to inhibit 

binding of radioligand by 50%. 

 The higher the IC50 – the lower the affinity/selectivity of unlabelled 

compound for receptor. Require more unlabelled ligand to inhibit 

binding of radioligand by 50%. 

- Can determine selectivity of drug for receptor subtype 



Log[Concentration] response curves - sigmoidal 

 Need to do this to determine the efficacy becos cant determine efficacy with 

radioligand binding studies. 

 Good for comparing different agonists at same target receptor 

 Also used to look at how antagonists effect actions of agonists at receptor 

 Emax – maximum response: measure of efficacy  

 EC50 – [agonist] required to achieve 50% of maximum response: measure of 

potency. 

 pEC50 = -log10[EC50] 

 Selectivity – by looking at EC50 and potency. The lower the EC50 the higher the 

potency, the higher the potency the more selective the drug for that receptor 

 

Affinity  

 Ability of drug to bind to target. Can be measured by Kd, Ki, IC50.  

 Kd – inverse of Kd (1/Kd) = affinity. 

 The higher the Kd, the lower the affinity 

 Lower Kd, higher affinity 

 IC50 – higher it is, lower the affinity of drug becos need higher conc of drug to bind 

with target. 

 Lower the IC50 – higher the affintiy 

 Agonist and antagonists have affinity: >0, <1 

 Radioligand binding studies to study affinity of drugs. 

 - saturation studis 

 - competition studies 

 

Agonist 

 Drug or endogenous factor that binds to receptor (DR)  conformational change  

active receptor (R*)  activates internal signalling pathways  response 

 Have both affinity and efficacy at receptor: 0-1 

Antagonist  

 Binds to receptor  not conformational change  receptor not activated 

 Stop/inhibit other ligands binding to receptor 

 Have affinity (</=1) but no efficacy (=0) at receptor 

 

Efficacy (Emax) 

 Power/ability of the agonist to stimulate the receptor to produce an effect/response 

(after binding to receptor). 



 Agonist have efficacy >0, <1 

 Antagonists don’t have efficacy = 0 

 Measured by Emax – maximum response of CR curve 

 

Agonist Potency (EC50) 

 Potency – the [agonist or antagonist] required to produce a given effect. 

 For eg: if drug A lies to left of drug B on agonist CR curve, drug A is more potent than 

drug B. Because a lower [drug A] is required to produce a given response 

 Can determine potency by determining EC50’s of different agonists from different 

agonist CR curves for same receptor subtype.  

 Comparing different agonist potencies for same receptor subtype. 

 EC50 – measure of agonist potency 

 pEC50 = -log[EC50] 

 The smaller the EC50, the more potent the agonist compared to another agonist at 

that receptor. 

 The higher the EC50  less potent agonist 

 The smaller the pEC50  less potent agonist 

 The higher pEC50, more potent agonist. 

 On CR curve, the shift of curve to left = more potent 

 Shift to right  decrease potency 

 Potency also related to affinity: the more potent a drug is the higher its affinity. 

 

Spare receptors 

 Receptors that are not occupied during a maximum response 

 Maximum response is not dependent on number of receptors in tissue becos two 

diff agonists acting at same receptor can have diff max responses. 

 

Full agonist  

 Need to occupy only a few receptors (<100% of receptor) to produce maximal 

response 

 Have binding (affinity) and efficacy (100%) 

 

Partial agonist 

 Need to occupy more receptors to reach maximal response (compared to full 

agonist). 

 Have affinity for receptor (can bind to receptor) 



 But have lower efficacy (response)  than that of full agonist – cant efficiently cause a 

conformational change in receptor to activate it  cant produce response efficiently 

 

Partial agonist in presence of full agonist 

 Say you have a partial agonist in tissue that is acting to increase HR by binding to b1 

receptors in heart 

 Then add partial agonist in the presence of full agonist that also acts on b1 receptors 

to increase HR 

 You would see a decrease in HR because the partial agonist has lower efficacy that 

full agonist and that is competing with the full agonist for binding to b1 receptors 

(because both partial and full have the same affinity for receptor, but difference in 

efficacies).  

 So, when partial agonist binds to receptor in presence of full agonist, the partial 

agonist is acting like an antagonist  decrease in HR.  

Factors that influence dose response r/ship 

 Total number of receptors  tissue factor 

 Intrinsic efficacy of drug – how good drug is to activate receptor and produce 

response  drug factor 

Selectivity 

 Drugs/agonists can bind to more than one receptor 

 But the agonist will be more selective to a receptor that to another (affinity) – 

selectivity. 

 And the agonist will have greater ability of producing and effect at a receptor than at 

another – selectivity. 

 The lower the Kd at a target compared to another target, that 1st one is more 

selective becos it has higher affinity at target 1. 

 


