
1. Principles of Drug Action 
 

Drug Targets 

 

 
 

•The cellular locations of drug targets and mechanism of drug access to targets 

Drug targets Cellular location Normal function Drug structure 

Transporters 

Transmembrane/ Integral 

protein on the  plasma 

membrane lipid bilayer 

-Bind to and take up nutrients (glucose, 

AA) and deposit inside the cell 

-Allow movement across membrane 

-Regulate the environment of the cell 

-Small hydrophilic  

-Access the cell surface 

(hydrophilic heads of 

phospholipids) 
Receptors 

-Upon binding, trigger metabolic events 

-Regulate the activity of the cell 

Ion channels 
Regulate ion movement across 

membrane 

Enzymes Intracellular cytoplasm 
-Regulate processes in the cell 

-Change metabolic events 

-Lipid permeable 

-Similar to endogenous 

compounds 

-Cross the membrane 

by passing through the 

hydrophobic region of 

lipid bilayer 

Gene expression 

Nuclear receptors 
Intracellular: Nucleus 

-Upon binding to DNA, regulate 

expression of gene 

-Change function of cell 

Protein synthesis 
Intracellular endoplasmic 

reticulum 

-Upon binding, inhibit enzyme 

-Disrupt protein synthesis 

 

•Drug influence on the functions of drug targets and examples 

1) Transporters 

▪Dopamine 

 
-Dopamine is synthesised and released into the extracellular space by the transporter 

-After carrying out its extracellular activity/ function, dopamine returns for further use 

-Dopamine binds to the transporter and is deposited back into the cell 

 

▪Dopamine transporter – Structure 



 
-The breaks in protein subunits (1, 3, 6, 12) create a flexible core and acts as a dopamine binding site – it allows 

recognition of dopamine and movement into the cell 

-Highly selective binding site 

-Protein closes upon binding 

  

 
 

Drug type Structure Function Mechanism of action 

Antidepressants  

-Fluoxetine 

-Nortriptyline 

 

Block serotonin, dopamine 

and noradrenaline 

transporters 

-Drug binds at the bottom of an 

external cavity 

-Prevents dopamine from binding → 

extracellular accumulation of 

dopamine 

-Prevents closure of the external 

vestibule (which is required for 

transport) 

-Drug is too big to be transported 

across the membrane  

-Transporter is inactive 

Cocaine 

 

-Block dopamine and 

serotonin transporters 

-Na
+
 channel blocker (local 

anesthetic) 

-Stimulate CNS (dopamine 

transmission) 

-Drug binds to the transporter 

-Prevents dopamine from binding and 

entering the cell → extracellular 

accumulation of dopamine 

- Drug is too big to be transported 

across the membrane 



Amphetamine 

 

Substrate of dopamine, 

noradrenaline transporters 

-Drug is an alternative substrate to 

the dopamine transporter 

-Drug is similar to dopamine in 

structure 

-Transporter cannot distinguish the 

two 

-Drug binds to the transporter and is 

transported inside instead of 

dopamine 

-Drug accumulates inside the cell 

-Some dopamine is transported too  

 

2) Receptors 

▪Receptor: β-adrenergic receptor 

-Both α and β receptors are biologically activated by noradrenaline/norepinephrine 

 
 

 
-Norepinephrine (agonist) binds to receptor which induces a conformational change of the receptor protein 

-The change also alters the activity of the G-protein associated with the receptor 

-The α subunit of G-protein is activated 

-GDP attached to the protein (in resting state) is released and replaced with high energy GTP 

-The α subunit and βγ subunits dissociate and migrate to modulate the activity of effector proteins, intracellular 

enzymes or ion channels 

-For example, α subunit with GDP binds to adenylate cyclase and this complex converts ATP to cAMP. cAMP 

activates other enzymes like protein kinase A 

 

▪Drug: Salbutamol 

 
-Salbutamol has selectivity for β2 adrenergic receptors due to the presence of N-trimethyl group (instead of smaller 

amine on noradrenaline) – the extra bulk prevents the drug from binding to α and β1 receptors but is only 

accommodated by β2 receptors which have sufficiently flexible binding site 

-Used for the treatment of asthma – causes broncodilation 

 

▪Mechanism of action 



-Salbutamol binds to the β2 adrenergic receptors on the membrane of smooth muscle cells of bronchial arteries 

-Bronchial smooth muscle relaxes and the airway becomes wider, allowing breathing to be easier 

-Complement ICS or LTRA 

-Short-acting: provide rapid relief 

-Long-acting salmeterol has a longer extension which allows it to be bound longer 

 

3) Ion channel 

▪Na
+
 channel   

-4 units form 1 channel – in each unit, 6 transmembrane domains and S region 

-S regions of each unit come together to form the central pore where ions pass through 

-1-6 regions/ side fenestrations hold the central S region in place 

 

 

 
 

▪Drug: Local anaesthetics – Lidococaine 

 
 

▪Mechanism of action 



 
-LAs are weak bases (hydrogen acceptor) – soluble in extracellular solution and can exist protonated/ deprotonated 

-Lidocaine has both hydrophobic and hydrophilic (chargeable part) 

-Deprotonated: uncharged form can pass through the hydrophobic region of the cell membrane lipid bilayer  

-In the cytoplasm, LA can get protonated and access the drug binding site in the ion channel 

-LA binds to the ion channel and stops the subunits from moving 

-Ion channel is inactive 

-Na
+
 movement and nerve signalling is inhibited → pain cannot be sensed 

 

4) Enzyme 

▪Enzyme: Cyclooxygenase (COX) 

-COX is located in the endoplasmic reticulum 

-COX catalyses the first step in the conversion of arachidonic acid to prostaglandin 

 
-Arachidonic acid is found in the lipid bilayer of the ER membrane 

-Arachidonic acid is taken up by the enzyme 

-The serine residue in the active site of the enzyme adds the oxygen molecules on arachidonic acid when O is 

present to convert it to prostaglandin 

-This conversion is the first step in the generation of inflammatory mediators 

 

▪Drug: Aspirin (irreversible inhibitor of COX) 

 



 
 

▪Mechanism of action 

-Salicylic acid of aspirin binds to COX instead of arachidonic acid 

-Acetate group irreversibly forms a covalent bond to the serine (active site of enzyme)  

-Enzyme is inhibited → production of prostaglandin is inhibited → Production of inflammatory mediators is inhibited 

-Inflammatory response is inhibited 

-To recover any activity, new proteins have to be synthesised 

 

-Platelets are inactivated and cannot clot blood (only useful for cardiovascular disease – prevent blood clotting) 

-Inhibiting COX in the gut prevents formation of prostaglandins in the gut which play a protective role in the stomach 

by maintaining the lining of the stomach (aspirin can cause ulcers) 

 

5) Gene expression regulation 

▪Nuclear receptor: Estrogen receptor 

 
-Estradiol 

 

-Estrogen binds to the estrogen receptor dimer 

-The ligand-bound receptor binds to estrogen-receptor-response elements in the DNA sequence to regulate gene 

expression 

-Cancer cell uses estrogen to stimulate gene expression 

 

▪Drug: Tamoxifen (estrogen receptor antagonist) 

 
-Tamoxifen is hydrophobic (due to the presence of many benzene rings) and can cross cell and nucleus membranes 

-Treat Estrogen receptor positive breast cancer by preventing estrogen-dependent stimulation of breast cancer cell 

growth 

 

▪Mechanism of action 



 
-Tamoxifen enters the cell and binds to the estrogen receptor 

-Tamoxifen-receptor complex does not recognise the estrogen-receptor-response element 

-Conformation of the complex is distorted to prevent it from recognising and binding to correct sites on DNA 

-The complex has lower affinity for DNA binding 

-Estrogen cannot occupy the active sites of the receptors 

-Estrogen-stimulated gene expression is no longer possible 

-Cancer cell proliferation is reduced 

 

6) Protein synthesis  

▪Protein: Bacterial ribosome 

 
-Bacterial ribosomes differ from eukaryotic ribosomes and hence drugs can be selective 

-AA bound tRNA moves to A then P site then second AA bound tRNA comes and the AA forms a growing polypeptide 

chain. Empty tRNA exits via E site. 

 

▪Drug: Antibiotics 

Drug type Structure  Mechanism of action 

Tetracycline 

 

-Bind to 30S to distort the shape (A site) 

-tRNA is inhibited from binding to mRNA-ribosome complex (A 

site) properly 

 

Streptomycin 

 

-Bind to 30S to distort the shape 

-Codon on mRNA is incorrectly read and wrong/ no AA is 

attached to the chain 

-Non-functional/ Incomplete proteins are produced 



Chloramphenicol 

 

-Bind to 50S to distort the shape 

-Prevent formation of growing peptide chain 

 

Erythromycin 

 

-Bind to 50S to distort the shape 

-Prevent the translocation-movement of ribosome along mRNA 

-Prevent the translocation of tRNA into the P site 

-Elongation is prevented 

-Transcription is stopped 

 

•Revision Questions 

-Compare the actions of amphetamine and cocaine on the dopamine transporter 

-Identify two different ways in which antibiotics can inhibit protein synthesis 

-How does lidocaine access it binding site on Na+ Channels? 

-How does tamoxifen inhibit cancer cell growth? 

-What makes salbutamol selective for β adrenergic receptors over α adrenergic receptors? 

-How does aspirin inhibit the cyclooxygenase enzyme? 

 

 

Responses to Agonists and Antagonists 

 

•Definition for an agonist 

-small molecule that activates a receptor that has a physiological regulatory function 

-endogenous or exogenous 

-e.g acetylcholine (ACh): 

 -endogenous and released mainly from nerves and skeletal muscles 

 -activates several receptors (having no double bond endows flexibility) 

  -nicotinic and muscarinic receptors 

 -changes physiological state of cell that has receptors that bind to ACh 

 

▪Agonist-receptor interactions 

 
 

-Binding forces between drugs and binding sites 

 

 

Type of Bonding Explanation Example Amino Acid at Receptor Site 

Ionic 

Strong electrostatic 

attraction between groups 

with opposite charges  

Aspartic acid (COO
-
) 

Lysine (NH
3+

) 

Hydrogen 

Attraction between a H 

attached to a N/O/F and 

another N/O/F (dipole-

dipole involving H)  

Serine (OH) 

Histidine (imidazole ring - N 

& NH) 

Ion-dipole 

Attraction between a 

charged atom and a dipole 

bond  

 


