
Pharm-10A7 Briefly describe the pharmacological role of the nicotinic 
cholinergic receptor. 
 
Acetylcholine is a neurotransmitter that acts at 2 types of receptors – nicotinic and 
muscarinic ACh receptors 
 
In experimental studies, nAChR responds to nicotine and mAChR responds to 
muscarine and thus their names. 
 
nAChR and mAChR are also very different in terms of their structure and function. 
The latter being a G-protein coupled receptor. 
 
Structure 

 
Pentameric family with 5 membrane spanning subunits 
Ionotropic receptor – excitatory ligand gated cation channel 
Many subtypes 
 
Common subtypes at the NMJ include: 
Adult subtype =   
Fetal subtype =  
Adult nAChR has shorter open duration and greater cation conductance (K, Na and 
Ca) compared to fetal nAChR 
 
Each  subunit has ACh binding site at its junction with  and  subunits (see above) 
Simultaneous binding to both ACh binding sites required to open nAChR channel 
 
Neuronal nAChR are structurally different to those at NMJ, e.g. neuronal (3)2(4)3 
 they are not blocked by NMB 
 
Location and function 
nAChR are located throughout CNS, PNS and NMJ 
 
Stimulation of nAChR results in opening of non-specific cation channel 
 influx of Na+, efflux K+ ± influx Ca2+ (driven by electrochemical gradient) 
 
CNS – brain, mainly presynaptic, as control to modulate release of other 
neurotransmitters. ACh and nAChR are important part of the arousal pathways. 
 



NMJ – both presynaptic and postsynaptic. 
Postsynaptic nAChR – responsible for generation of muscle end plate potential 
Presynaptic nAChR – function is less well understood, responsible for positive 
feedback to release more ACh into synapse  ? partly responsible for fade when 
blocked by non-depolarising NMB 
 
ANS – postsynaptic at sympathetic ganglions 
Acts to relay sympathetic signals from higher centers 
 
Adrenal medulla – stimulation  release of adrenal hormones 
 
Drugs acting at nAChR 
Direct agonist at NMJ nAChR – suxamethonium 
Direct antagonist at NMJ nAChR – non-depolarising NMBs (benzylisoquinolines, 
aminosteroids) 
 
Indirect agonists at NMJ nAChR – neostigmine and group, edrophonium 
 action via reversible inhibition of cholinesterase and increase [ACh] at synapse 
 non-specific and thus indirectly activate both nAChR and mAChR 
Organophosphates irreversibly inhibit cholinesterase 
 
Side effects 
When muscles have been denervated or immobile  adult nAChR at NMJ are down-
regulated and replaced by fetal nAChR 
 
When stimulated, e.g. by suxamethonium  longer channel opening  
hyperkalaemia 
 
Examiner’s comments 
38% of candidates passed this question. The key points that needed to be included 
were: The types of the nicotinic receptor, their location and function Structure activity 
relations of the receptor which account for drug specificity (e.g.why ganglion 
blockers do not cause muscle relaxation), pharmacodynamics (e.g. prejunctional 
receptors causing fade) and side effects (e.g. hyperkalaemia with suxamethonium) 
Drugs can act either directly or indirectly as either agonists or antagonists (correct 
examples attracted marks) 
Many candidates failed to write that there is a structural difference between the 
neuronal and muscle nicotinic receptor, this is important in understanding the 
specificity of action of neuromuscular blockers. There was a frequent misconception 
that anti-muscarinic drugs act primarily at the nicotinic receptor. Some candidates 
wrote at length about the physiology of the nicotinic receptor without mentioning 
drugs and were thus unable to achieve a pass mark. 
 


