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PCOL3922: Neuropharmacology Summary Notes 

1. Introduction to Synaptic Transmission  

1.1 Understand the cellular and ionic basis of synaptic transmission  

• Neurons are composed of dendrites, cell bodies, and axons.  
• Synapse is the connection between two neurons. Vesicles near the presynaptic membrane are in the active 

zone and are ready to be released into the synaptic cleft. The postsynaptic density is a series of scaffolding 
proteins holding NT receptors directly opposite vesicles.  

• Types of synapses: axo-dendritic or axo-somatic, axo-axonic, autoreceptors (NT acts on same bouton, usually 
negative feedback mechanism, complex synapses with multiple NTs.  

• High sodium outside the cell, low sodium inside the cell and vice versa for potassium. Low chloride inside the 
cell generated by the potassium chloride cotransporter. Cell has large excess of negative ions due to proteins 
and ribonucleic acids that do not permeate the cell membrane. Resting membrane potential around -60mV.  

• Ion channels set up ion gradients which generate the electrical environment of the neuron. Nernst equation is 
used to quantify ion gradients. Combine Nernst equations of all ions to calculate RMP.  

• The reversal potential is the potential at which ion movement 
changes direction i.e. when electrical potential overcomes 
concentration gradient.  

o E.g. sodium is at +50mV: sodium starts moving out of 
the cell instead of moving in.  

o E.g. potassium at -80mV: cell has to be very 
hyperpolarised for potassium to change direction.  

o E.g. chloride is at -60mV: chloride channels stabilise the 
cell.  

• Measurement of ion channels 
o Two electrode voltage clamp technique: big cells e.g. frog eggs. 
o Patch clamp: current measurements from a single channel or a whole cell. Attach electrode across the 

cell membrane.  
• Measurement of the action potential: can look at current flowing through the channels or voltage of the cell.  

1.2 Identify the major neurotransmitters 

 

1.3 Identify the major neurotransmitter receptors and transporters  

• Fast synaptic transmission 
o Ligand-gated ion channels with Cys loop receptors and 

pentameric structures: nAChRs and GABAA receptors  
o Ligand-gated ion channesl: ionotropic receptors – 

tetrameric: NMDA receptors, AMPA/Kainate receptors  
• Slow synaptic transmission: GPCRS with 7 transmembrane 

domains 
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• Two families of NT transporters  
o Family 1: GABA, glycine, DA, NA, serotonin  
o Family 2: glutamate, aspartate  

1.4 Understand the role of the Blood Brain Barrier 

• Formed by tight junctions between endothelial cells of capillaries in cerebral vascular beds to restrict the 
passage of soluble molecules. Isolates ECF of brain from general circulation.  

• Allows precise control of cerebral conditions and prevents toxic substance entrance.  
• It is a lipid membrane and all CNS drugs must cross the BBB. Prodrugs can be lipophilic and cleaved after 

crossing the BBB or the drugs can be lipophilic themselves.  

1.5 Describe the roles of glial cells in brain function 

• Astrocytes are 25-50% of cell volume in most regions of the brain, GFAP is a marker, provide structure, form 
part of BBB, maintain neuronal homeostasis, secrete neurotrophic factors, and glycogen storage.  

• Oligodendrocytes and Schwann cells are myelinating cells to allow rapid electrical conduction 
• Microglia are immune cells of the brain and spinal cord. Change their morphology in response to insult/injury. 

Excessive activation may contribute to neurodegenerative disorders.  

2. Monoamines  

2.1 Explain the normal synaptic events of monoamines; 
2.1.1 Synthesis 

• Biogenic amines including NA, adrenaline, DA, serotonin, histamine. NA, adrenaline and DA are 
catecholamines. Serotonin is an indoleamine.  

• Have one amino group connected to an aromatic ring by 
a two-carbon chain. All are synthesised from 
decarboxylated amino acids, and synthesis is mainly 
catalysed by cytosolic enzymes.  

• Enzymes define the cell type e.g. cell that contains 
enzymes which synthesises dopamine is a dopaminergic 
neuron.  

• Catecholamine synthesis occurs in the cytoplasm, one 
reaction in a vesicle. Tyrosine is the precursor AA. 
Tyrosine hydroxylase converts L-tyrosine to L-DOPA, 
which is the rate limiting step. To get from DA to NA 
add a hydroxyl group. To get from NA to Adr add a 
methyl group.  

• Indoleamine synthesis occurs with L-tryptophan as a 
precursor. This is an essential AA which must come 
from the diet. Tryptophan hydroxylase converts L-
tryptophan to 5-HTP which is the cytoplasmic RLS. 5-
HT cannot cross the BBB, L-tryptophan and 5-HTP can 
cross BBB: most serotonin found in the periphery, as too 
much in the CNS can be damaging.  

• DOPA decarboxylase is a ubiquitous enzyme found in 
the synthesis of many monoamines.  

• Drugs that affect MA synthesis 
o Dietary tryptophan increases 5-HT synthesis. Contained in egg whites, certain cheeses. Unlikely to 

modulate mood through diet unless tryptophan deficient.  
o 5-HTP used (self-medicated) to treat depression, anxiety, insomnia. OTC in some countries.  
o L-DOPA is used in PD to increase DA synthesis in the substantia nigra. 
o L-DOPA and 5-HTP bypass the RLS: increasing the amount of MA synthesis that can occur.  

  


