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2004b(1)/01a(9)/96b(12): Briefly describe how drugs may produce their 
pharmacological effects. Illustrate each mechanism with examples 
General: effect can be separated into receptor mediated and non-receptor 
mediated effects. 
1. Receptor-mediated 

- Receptors are proteins/glycoproteins, and can be present in the cell 
membrane, within the cytosol or associated with intracellular 
organelles/nucleus 

- Receptors can i)alter ion permeability (ionotropic), ii) produce intermediate 
messengers (metabotropic) or iii) regulate gene transcription 

Ionotropic Receptors 
- Membrane spanning complexes made up of multiple subunits. 
- Are associated with an ion channel, either intrinsic or extrinsic to the 

receptor structure.  
o Activation by a ligand produces a conformational change which 

opens the channel 
 Allows movement of ions down electrochemical gradients 

- Drugs can act by: 
o Activating channel by binding to the ligand site (eg ACh → nAChR 

→ activation → rapid Na+ influx → propagation of action potential) 
o Enhance opening time of channel (eg STP → α1-subunit of the 

activated GABAAR → ↑Cl- ion opening time). 
- Now largely accepted that volatiles work directly on the GABAAR 

Metabotropic Receptors 
- Receptors are 7-transmembrane spanning proteins with ligand-binding 

moiety on the extracellular side and cytosolic side associated with 
intracellular intermediate messengers 

a) G-protein coupled receptor (GPCR) 
- Most common type of metabotropic receptor. Receptor is associated with 

α-GDPβγ protein complex. 
- 100:1 G-protein: GPCR therefore, effective signal amplification with 

relatively small [ligand] 
- Ligand binding to the GPCR →  α-GDPβγ is converted to α-GTPβγ → α-

GTP dissociates from βγ and activates 2nd messengers (adenylyl cyclase, 
phopholipase C). 

o Some systems, βγ activate intermediaries (eg opioid receptor 
activation leads to βγ inhibiting N-type Ca2+ channels) 

- α-GTP → α-GDP and reassociates with βγ to form inactive α-GDPβγ 
- eg. β adrenoceptor agonists activate GPCR which activates Gs protein → 

activation of adenylyl cyclase and formation of cAMP. Effect = + inoptropy 
- eg. α adrenoceptor agonists activate GPCR with associated Gq protein → 

activation of phospholipase C → breakdown of PIP2 into IP3 and DAG. 
- IP3 = ↑Ca2+ release from ER, DAG = activation of protein kinase C  
b) Tyrosine kinase 
- Membrane bound receptor system 

o Eg activation of insulin receptor (2α and 2β subunits) 
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o Ligand binds α subunit → phosphorylation of intracellular tyrosine 
residues on the β subunits to tyrosine kinase → tyrosine kinase 
catalyses target protein phosphorylation. Effects = glycogenesis, 
activate glucose transporters, regulate gene transcription 

Regulation of gene transcription 
- Steroids and thyroid hormones alter DNA and RNA expression 
- Effects are slow 
- Cytosolic receptor proteins (lipid soluble ligands). Receptor-steroid 

complex transported into nucleus to exert effect. 
2. Non-receptor mediated 
Enzymes 

- most drugs are inhibitors (eg ACE-I) 
- Action is 2-fold i) ↑[substrate] normally metabolised, and ii) ↓[product(s)] of 

reaction 
o Eg ACE-I - ↑[angiotensin-I], with a concomitant ↓[angiotensin-II] to 

↓BP. Also ↑[bradykinin] and ↓[inactive metabolites] → intractable 
cough. 

o Eg acetylcholinesterase inhibitors (eg neostigmine) prevents the 
breakdown of ACh → ↑[ACh] at NMJ and continued activation of 
nAChR 

Direct Ion channel action 
- Prevent action potential by stopping changes in the RMP. 
- Eg LAs block fast Na+ channels preventing influx of Na+ 

Carrier molecules 
- Prevention of transport against a concentration gradient 
- Eg digoxin inhibits Na+/K+ ATPase thus preventing Na+ removal from ICF, 

which ↑[Ca2+] and ↑inotropic activity of heart mm 
- Eg diuretics 

Structural analogue/counterfeiting 
- Competes with endogenous molecules in chemical reactions 
- Eg α-methyldopa decarboxylates to α-methylnoradrenaline which has 

limited α1 activity its α2 effects prevent noradrenaline release and ↓SNS 
tone 

- Eg acyclovir, MTX 
Structural 

- eg colchicine inhibits microtubular formation 
Colligative properties 
- eg mannitol ↑plasma/ECF osmolality → ICF depletion & osmotic diuresis 
Physicochemical activity 

- Eg. Antacids → neutralise gastric acid. Chelating agents (resonium) bind 
metals in the gut to prevent reabsorption 

Unknown 
- ? physicochemical (Myer-Overton theory) 
- Placebo effect 


